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ABSTRACT 
The use of intertidal habitats by Grey Plovers, Pluvialis squatarola, and 
Curlews, Numenius arquata, was studied on Seal Sands in the Tees estuary, 
north-east England during the three winters 1975-78. Birds were uniquely marked 
with combinations of colour rings to obtain information on the behaviour of 
individuals throughout and in successive winters. 
Grey Plovers arrived on the estuary from July to February, giving rise to 
peak numbers in February, but left mainly in March and April. Thus periods of 
stay by individuals varied markedly, to contrast most Curlews arrived in late 
summer and left in spring. Consequently most individuals were present for 
similar periods, and the number on the estuary remained constant through the 
winter. However, the number of Curlews feeding on Seal Sands fell to a minimum 
in mid winter when some moved to feed on the fields. Both species showed a high 
percentage return rate to the estuary in successive winters. 
During each tidal cycle individuals changed their feeding sites in predictable 
ways. For any one bird the pattern was constant over periods of several weeks 
or months, and sometimes repeated in successive winters. In both species, four 
basic patterns in use of space could be identified. These were distinguished by: 
i) whether one or more than one feeding site was used during a tidal cycle, and 
ii) whether or not a feeding site was defended. The strategy employed on a 
particular site could be predicted from two characteristics of that site: i) its 
period of exposure, and ii) the rate of drainage of the substrate. It is argued 
that these characteristics determine the availability of Nereis diversicolor, the 
main prey of both bird species on Seal Sands. 
Simple models based on the supposed activity and depth distribution of 
Nereis on different sites explained much of the variety in use of space shown by 
individual Grey Plovers and Curlews both during a tidal cycle and during a winter. 
However the models were inadequate to explain the detailed components of 
foraging behaviour observed. Also, variability in the foraging responses to changes 
in Nereis availability was considerable, both between individuals and between days 
for the same individual; this raises doubts over the validity of studies based on 
"average" birds. 
Curlews show marked sexual dimorphism in bill length. This influenced 
the pattern in use of space employed by individuals. Most long-billed birds 
remained on the mudflats all winter, but many short-billed individuals (i. e. males) 
fed upon the adjacent pastures, particularly in mid winter when Nereis was 
most likely to be buried out of reach of their bills. 
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SECTION 1 
INTRODUCTION 
1. A. BACKGROUND TO RESEARCH 
This research project was begun as an attempt to answer some of the 
questions raised by the study of the effects upon shorebird populations of 
reclamation of intertidal land on Teesmouth. Because land at the highest tidal 
levels was reclaimed preferentially, the time for which mudflats were uncovered 
was reduced from 12 to 8 hours (Evans 1980). The average feeding time of 
some shorebird species during a daylight tidal cycle prior to reclamation 
exceeded the 8 hours available, e.g. Grey Plover, Pluvialis squatarola, 
6^/2 to 10 hours; Redshank, Tringa totanus, 9 to 10 hours; Dunlin, Calidris alpina, 
9^/2 to 11 hours (Goss-Custard et al. in prep.). Thus in cold weather, when 
energy requirements are highest and therefore feeding time longest, the time 
available for feeding should be insufficient for these birds to meet their food 
requirements. Reclamation should therefore have resulted in the complete loss 
of these species from the estuary. 
However this did not occur. The number of Grey Plovers feeding on 
Seal Sands fell only slightly, presumably because many were able to meet their 
food requirements on the mudflats despite the reduced feeding time. This 
indicates that there was variation between individual Grey Plovers in the time 
they required to obtain their food on Seal Sands in each daylight tidal cycle: 
those requiring less than 8 hours stayed, those requiring more than 8 hours 
left or died. 
As Grey Plovers vary rather little in size and therefore have similar 
energy requirements, the differences in feeding times are presumably a result 
mi ) 
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of some birds feeding faster than others. This would occur if, in any given area, 
some individuals were more efficient at capturing prey. To investigate this individual 
variation in foraging efficiency I marked individual Grey Plovers, Curlews, 
Numenius arquata and Bar-tailed Godwits, Limosa lapponica, with unique 
colour-ring combinations, thus permitting comparisons between individuals of 
a species and between visual foragers (Grey Plovers) and tactile foragers (Curlews 
and Bar-tailed Godwits). 
However this colour-marking soon revealed that individuals within a 
species used the intertidal habitat in different ways, but that most individuals 
had regular patterns of behaviour. The observed variation in feeding times within 
a species could be a consequence of some individuals feeding on the areas with 
the highest densities of available prey, where a high feeding rate could be 
maintained, and others on areas of lower prey density. The extent and importance 
of this individual variation in use of space therefore became the major aspect 
of my study. 
Individual variation in feeding behaviour - The variation in use of space 
between Grey Plovers could be a consequence of differences in age or sex, or 
due to differences in behaviour between individuals of the same age and sex. 
There is increasing evidence from studies on birds that, under a given set of 
environmental conditions, individuals within a population do show a variety of 
patterns of feeding behaviour, and that some, but not all, of the differences are 
age- or sex-related. 
i) Age-related differences - Adults have been shown to have a higher 
foraging success (measured as the proportion of attempts to capture prey that 
are successful) than juveniles in [Ruddy] Turnstones, Arenaria interpres (Groves 
1978) and also in several non-shore bird species, such as Brown Pelicans, 
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Pelecanus occidentalis (Orians 1969), Little Blue Herons, Florida caerulea 
(Recher and Recher 1969a) and Grey Herons, Ardea cinerea (Cook 1978a), 
Sandwich Terns, Sterna sandvicensis (Dunn 1972), Herring Gulls, Larus argentatus 
(Verbeek 1977), Glaucous-winged Gulls, Larus glaucescens (Searcy 1978) and 
Olivaceous Cormorants, Phalacrocorax olivaceus (Morrison et al. 1978). In 
Royal Terns, Sterna maxima, there is no difference in foraging success between 
adults and juveniles but adults have a higher capture rate because they dive 
more frequently (Buckley and Buckley 1974). 
i i ) Sex-related differences - Sexual dimorphism in size results in males and 
females taking different prey species in hawks (Storer 1966) and owls (Earhart 
and Johnson 1970), different sizes of the same prey species in Bar-tailed Godwits 
(Smith and Evans 1973), or feeding in different locations as in Bar-tailed Godwits 
(Smith and Evans 1973, Smith 1975), and woodpeckers (Hogfitad 1976). 
i i i ) Individual differences - Individual variation not correlated with age or 
sex differences has been demonstrated in the following aspects of feeding behaviour: 
in choice of prey type in Oystercatchers, Haematopus ostralegus (Heppleston 1971) 
and gulls (Harris 1965); in method of prey handling in Oystercatchers (Norton-
Griffi ths 1967); in choice of feeding location in Woodpigeons, Columba palumbus 
(Murton et al. 1966), Herring Gulls (Davis 197 5) and Great Tits, Par us major 
(Partridge 1976); and in use of space in shorebirds (Recher and Recher 1969b, 
Goss-Custart 1970, Myers et al. 1979a), Golden-winged Sunbirds, Nectarinia 
reichenowi (Gill and Wolf 1975), Pied Wagtails, Motacilla alba (Davies 1976) and 
Tennessee Warblers, Vermivora peregrina (Tramer and Kemp 1979). 
In addition to these examples of individual variation in feeding behaviour 
under given environmental conditions, investigations have revealed differences 
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in the responses of individuals to changes in environmental conditions in 
Sanderlings, Calidris alba (Myers et al. 1979b) and Pied Wagtails (Davies 1976). 
Implications of individual variation in feeding behaviour - If some 
individuals are more successful at exploiting a food supply than other members of 
the population, by being more efficient at capturing prey at a high rate during 
the time available and/or at competing with others for food or space in which 
to feed, they should have a higher chance of survival in severe conditions. 
Also such differences in efficiency could explain why juvenile mortality, even 
after fledging, is higher than that of adults not only in shorebirds (Boyd 1962, 
Hilden 1978, Pienkowski 1980a) but also in most other birds, e.g. gulls 
(Olsson 1958, Coulson and White 1959, Flegg and Morgan 1976), skuas (Furness 
1978), herons (Olsson 1958, Owen 1959, Kahl 1963, Mead et al. 1979) and owls 
(Olsson 1958, Southern 1970) ). 
A second implication of individual variation in feeding behaviour is that, 
if individuals show different preferences e.g. for feeding location or prey type, 
intraspecific competition may be reduced. For example, it has been suggested 
that sexual dimorphism in size has evolved to reduce intraspecific competition for food 
in raptors (Reynolds 1972, Newton 1979), woodpeckers (Selander 1966, Hogstad 
1978) and finches (Newton 1967). 
Approach to research project - To determine the extent and importance 
of individual variation in shorebird feeding behaviour, I studied the use of space 
and foraging behaviour of individually-marked Grey Plovers, Curlews and, to a more 
limited extent, Bar-tailed Godwit under a variety of environmental conditions 
during 3 winters. Throughout the study I attempted to answer the question: 
"How does an individual bird use its habitat?" Firstly I determined the variety 
of patterns in use of space shown by individuals within each species. Both 
fidelity to an estuary and choice of feeding area(s) within the Tees estuary (in 
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particular on Seal Sands) were investigated. Subsequently I concentrated my 
studies on one visual forager (Grey Plover) and one tactile forager (Curlew), 
relating the observed variation in spacing behaviour to the food supply, in 
particular to variations in availability of the main prey species, Nereis 
diversicolor. 
l . B . THE STUDY AREA 
The study was carried out on the Tees estuary, north-east England 
(54°37' N, 1°12' W) during the 3 winters 1975/76, 1976/77 and 1977/78. The 
estuary comprises a main shipping channel, with 2 intertidal areas (Seal Sands 
and North Gare Sands) to the north of it and one (Bran Sands) to the south 
(Fig. 1.1). To the north-west and west of the estuary lie extensive areas of 
rough pasture, of which Cowpen Marsh is the largest. 
Most observations of shorebird behaviour were made on Seal Sands, 
the most productive area of mudflats (140 hectares) remaining on the estuary. 
The term Seal Sands as used in this study corresponds to the North Area of 
Evans et al. (1979) and Knights (1979). (A detailed description of the history 
of reclamation on the estuary is given by Knights (op.cit.) ). Seal Sands, bounded 
on 3 sides by reclamation walls, comprises mudflats to the east enclosed by 
the slag mid-tide wall and, to the west, mudbanks beside Seaton Channel 
(Fig. 1. 2). The 2 sets of mudbanks are separated by Central Channel which 
lies at a lower tidal level. Creeks form the boundary between the northern 
parts of Eastern Channel and Central Bank, and between the 2 distinct halves 
of Scalloped Mud. On the eastern half of Scalloped Mud, close to the East-West 
Reclamation Wall, lie a series of mussel scars favoured by birds roosting on the 
flood tide. Greatham Creek empties into the south-west corner of Seal Sands. 
The high levels of partially-treated human sewage in this outflow enrich the 
sediments of Seal Sands, and result in an infauna of high biomass density but 
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Figure 1. 1 The intertidal areas on the Tees estuary. 
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low species richness. Greatham Creek contains a small area of mudflats used 
by waders particularly for feeding at High Water in mid winter. 
The sediment type varies across Seal Sands (Fig. 1. 3). The Peninsula 
and parts of Central Bank and Eastern Channel consist primarily of sandy 
substrates, whereas the sediment elsewhere contains greater proportions of silt. 
The softest muds are found in the south-east corner of Seal Sands next to the 
East-West Reclamation Wall, on Central Channel, and on either side of Seaton 
Channel on Greenabella Bank and Scalloped Mud. On Greenabella Bank soft 
substrates surround a central ridge of firmer mud. During the summer the 
green algae Enteromorpha spp. cover large parts of the sandier areas of Central 
Bank. This gradually disappears during the autumn and winter. The presence 
of this film may reduce the rate of drying of the surface layers of sediment after 
exposure by the tide. 
On most tides all the intertidal areas shown in Fig. 1. 2 are exposed 
during the Low Water period, as most mudflats are at roughly the same (mid-) 
tidal level. At Low Water on extreme spring tides mudbanks at a very low tidal 
level are uncovered at the edges of Seaton Channel, particularly on Central Channel 
and Greenabella Bank. On extreme neap tides the northern part of Central Channel 
and the lower tidal levels of Greenabella Bank remain covered even at Low Water. 
As the tide ebbs the sand of the Peninsula is the first area to be exposed, followed 
by the highest parts of Central Bank and Scalloped Mud. The remaining mudflats 
are then exposed in quick succession due to the flatness of Seal: Sands. 
Seal Sands has a restricted invertebrate macrofauna with only 5 species 
occurring at levels of abundance that make them important items in the diets of 
shorebirds (Evans et al. 1979). The species are Nereis diversicolor, the only 
abundant large annelid and the main food of the larger waders, Hydrobia ulvae, 
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Corophium volutator, Macoma balthica and Carcinus maenas. There is a very 
abundant meiofauna on Seal Sands, comprising small polychaetes, oligochaetes and 
nematodes (Grey 1976, Kendall 1979). 
Seal Sands was the main intertidal feeding area on Teesmouth not only 
for the 3 study species, Grey Plover, Curlew and Bar-tailed Godwit, but also 
for substantial populations of Dunlin (Calidris alpina), Redshank (Tringa totanus) 
and Shelduck (Tadorna tadorna), and smaller numbers of Knot (Calidris canutus) 
and Ringed Plover (Charadrius hiaticula). During periods of snow Lapwings 
(Vanellus vanellus) and in particular Golden Plovers (Pluvialis apricaria) moved 
from the fields to the mudflats. Gulls used Seal Sands as a roost site through 
the winter, occasionally in many thousands. 
Individuals of the 3 study species captured for colour-ringing were aged 
using the plumage characteristics described by Minton (1971). Ageing of Grey 
Plovers was also possible in the field, particularly in autumn. Juveniles and 
adults differed markedly not only in plumage but also in behaviour, the juveniles 
feeding in areas generally avoided by adults. Both Curlews and Bar-tailed 
Godwits show sexual dimorphism, the females being larger than the males 
(e. g. Witherby et al. 1945). The dimorphism is particularly marked in bill 
length,enabling both species to be sexed in the hand. In addition, some large 
females and small males could be sexed, from bill length, in the field (see also 
Smith and Evans 1973). 
In the following Sections the term Godwit is synonymous with Bar-tailed 
Godwit as this was the only Limosa species using Teesmouth in large numbers. 
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SECTION 2 
DISTRIBUTION - POPULATIONS 
2. A. METHODS OF COUNTING 
All counts and observations of birds were made using a 15-60 x 60 
Swift Telemaster telescope or 10 x 50 binoculars. For much of the time a 
landrover was used as a mobile hide, as it allowed a much closer approach to 
the birds without causing disturbance, and permitted observations in all 
weather conditions. Birds on the more northern mudflats were occasionally 
observed at close range from a rubber dinghy. 
2. A. 1. Low Water Counts on Seal Sands 
Counts of all birds present on Seal Sands at Low Water were made from 
fixed points on the surrounding reclamation walls (Fig. 2.1). When possible, 
counts were made at about weekly intervals on successive neap and spring 
tides to reveal any differences associated with the extent of habitat exposed 
at Low Water. 
During 1976/77 and 1977/78, 5 areas of Seal Sands, namely Eastern 
Channel, Central Bank, Central Channel, Scalloped Mud and Greenabella Bank 
(Fig. 2.1) were counted separately from the positions indicated. The period 
of counting was usually confined to Low Water - 1 hour. During this period 
all the mud to be exposed on that tide was uncovered, and movement of birds 
was at a minimum. 
In the summer of 1977 wooden posts 1 -2 metres high were placed on 
a grid marking out 100 x 100 metre squares on the largest area of mudflats, 
Central Bank and Eastern Channel (Fig. 2.1). Each post was marked with 
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two stripes of paint, the top colour indicating the vertical row of the grid and 
the bottom colour the horizontal row, as seen from the reclamation wall. It 
was thus possible to determine its exact position when seen through a 
telescope, even at a range of 1 km. 
This grid enabled the total counts of Central Bank in 1977/78 to be 
subdivided. Although counts in strips running east-west across Central Bank 
would have been most valuable as each strip would then have contained points 
at a single tidal level, they were not practicable due to poor visibility of 
some sites from the Peninsula, the only suitable vantage point. Hence Central 
Bank was counted along north-south strips from the end of a line of posts, 
on the East-West Reclamation Wall (Fig. 2. 2). 
2. A. 2. Problems and Errors in Low Water Counts 
Certain difficulties were experienced during counting at Low Water. 
(a) Access - A security fence prevented access to/from the eastern 
part of the East-West Reclamation Wall unless the gate had been unlocked by 
Philips Petroleum. If closed, there was a gap of 10-15 minutes whilst the 
landrover was driven round the petrochemical site to the other side of the 
fence, and during this time some movement of birds may have occurred, 
particularly of Curlew and Shelduck to/from Greenabella Bank and Central 
Bank. However, as the counts were usually conducted at or around Low Water 
such movement was likely to be small in relation to the number of birds present, and 
would have led to errors of at most 5 per cent. 
(b) Weather - The accuracy of Low Water counts was much influenced by 
the prevailing weather conditions. Strong winds shook the telescope even when 
it was mounted inside the vehicle and poor visibility, caused by heat haze, 
mist, heavy rain or snow, made counting of the more distant areas difficult. 
14 
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Figure 2. 2 The method for counting birds on Central Bank 
at Low Water using the grid. 
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In such conditions, the number of birds present on the far parts of Central 
Bank were under estimated, whereas the counts of nearer areas such as 
Scalloped Mud and Eastern Channel were as reliable as in good weather,, 
An example is given in Table 2. 1„ 
In strong winds and/or driving rain the behaviour of the birds changed, 
and this also influenced the counts. Some species, particularly Grey Plovers, 
tended to spend much more time feeding in creeks than on the open mud in 
such conditions, and all species tended to roost in creeks rather than on the 
exposed open mud. This led to further underestimation of numbers (Table 2.1), 
Where counts were obviously depressed by poor weather they have been 
excluded from the data on seasonal changes in numbers, presented in the sections 
which follow. 
(c) The identity of the counter - A series of counts in December 1977 
revealed discrepancies between counters. The other counter, L. R. Goodyer, 
had less experience of the area and the behaviour of the birds than I had, and 
his totals were in all cases lower than mine. Therefore I have restricted the 
counts used in the discussion of mid-winter numbers to my own. However, for 
the months of July-August and again between late April and May I have used 
counts made by L. R. G. although they are probably underestimates, as they 
are the only ones available. 
(d) Disturbance - Seal Sands is an area of intensive industrial development, 
and there was much activity on the reclaimed land adjacent to the mudflats. 
In the main this comprised movement of vehicles and people along the East-
west Reclamation Wall, the Peninsula Wall and Sands, and occasionally along 
the eastern end of the mid-tide wall. Birdwatchers also caused disturbance 
on the sea-wall by Greenabella Bank, chiefly at weekends. 
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Table 2.1 
The effects of weather conditions upon Low Water counts 
of Grey Plovers on Seal Sands in December, 1977 
Date 
Wind Speed (kt.) 
Visibility (km.) 
14th December 
20 (high) 
22 (very good) 
15th December 
2 (low) 
5 (moderate) 
16th December 
17 (high) 
2.5 (poor) 
Section of 
Seal Sands Counts 
Eastern Channel 16** 20 10*** 
Central Bank 53 49 13* 
Central Channel 0 2 0 
Scalloped Mud 2 7 0 
Greenabella Bank 7 14 28 
Note: * Effect of Poor Visibility 
** Effect of High Winds 
*** Effect of Poor Visibility and High Winds 
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This disturbance may result in considerable redistribution of the 
birds between potential feeding areas, but at Low Water most birds are 
sufficiently far from vehicle and public access to remain unaffected. 
There is a considerable amount of air traffic over Seal Sands, 
consisting of light aircraft and helicopters, and, in certain wind conditions, 
of airliners coming in to land at Teesside airport, In late winter and spring 
1978 there was a marked increase in the number of helicopter flights directly 
over Seal Sands up to a frequency of one per hour throughout the day. When 
these flights caused disturbance during a Low Water count, inaccuracies 
resulted from unknown numbers of birds flying off to areas already counted. 
Frequent disturbance from aircraft may have contributed to the 
increased variability in numbers of Godwit feeding on Seal Sands during 
late winter and spring 1978, since this species is particularly sensitive to 
disturbance (see e. g. Furness, 1973). 
2. A. 3. High Water Counts on the Estuary 
Counts of Curlew, Godwit and Grey Plover were also made at roost sites, 
when Seal Sands was covered. High Water counts were confined to known 
roost sites on the north side of the estuary. Additional information concerning 
roost sites on the south side of the estuary was obtained from observations of 
birds flying across the river before High Water, and from sightings of these 
species made by D. M. Brearey whilst working on the coastal sands near 
South Gare. 
Most High Water counts are minima as a complete check of all known 
roost sites was not carried out on every occasion. For example, Curlew and 
Godwit frequently roosted on an island on the south side of the main shipping 
channel of the Tees and were impossible to count there. Also, although the 
main roost sites for each species were known, subsidiary roosts consisting 
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of small numbers of birds may have remained undetected. Therefore High 
Water counts (which could include birds that feed in any part of the estuary) 
were used only when the numbers seen on roosts exceeded those counted at 
Low Water on Seal Sands. 
Complete High Water counts were usually greater than Low Water 
counts. This was because: 
(a) During Low Water counts of Seal Sands, some birds were missed 
for reasons discussed in Section 2 . A. 2. e. g. poor counting 
conditions. Therefore the number of birds actually feeding on 
Seal Sands at Low Water was often greater than the number counted. 
This is confirmed by counts made as the tide covered the mudflats. 
Numbers of each species, particularly of Grey Plovers, apparently 
increased on Seal Sands as the creeks and more distant areas of 
mud were covered and all birds present were forced into view. 
These increases were not due to birds flying into Seal Sands from 
other parts of the estuary. No more than 3 Godwits and 3 Grey 
Plovers were seen to fly in. Comparison of Low and High Water 
counts of Curlew is more difficult since many individuals feed on 
the fields at all stages of the tide and some move between the mudflats 
and the fields during the tidal cycle. This phenomenon will be 
discussed in more detail later. 
(b) As the roost sites are scattered around the estuary rather than 
restricted to sites adjacent to Seal Sands, they will include any indi-
viduals feeding elsewhere in the estuary and on the coast or the 
fields, as well as birds from Seal Sands. Curlews that have not been 
seen feeding on Seal Sands for several weeks, and are therefore field 
feeders, appear at High Water roosts. 
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Nevertheless, High and Low Water counts usually change in parallel 
during the winter. 
2. A. 4. 'Birds of Estuaries' Counts 
Once a month, a team of observers organised by the Teesmouth 
Bird Club check all known, accessible roost sites during a short period 
around High Water on a single day in order to determine the numbers of 
waders and waterfowl present on the estuary. This method has a distinct 
advantage over counts made by a single person in that movement of birds 
between roosts during the count should be negligible. 
However, such counts are made on a date fixed in advance, to 
permit co-ordination with other estuaries. If bad weather or disturbance 
of roost sites occurs immediately before the count, unrepresentative and 
inaccurate data are recorded. Also short-term fluxes in numbers of birds 
are often not detected in monthly counts. 
As the whole estuary is covered by 'Birds of Estuaries' counts, the 
totals recorded for each species should be higher than my High Water or Low 
Water counts. This is not always the case. Sometimes new roost sites, used 
only temporarily, have been missed. Also underestimates have been made 
when counting species which pack together tightly at roost. These species, 
e.g. Knot and Dunlin, are more effectively counted in flight or on feeding sites. 
However 'Birds of Estuaries' counts have been used, when they exceeded 
my counts, to assess whether sudden changes in my Low Water or High 
Water counts are anomalies (produced by poor conditions) or are due to 
real changes in the numbers present on the estuary. 
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2. B. THE USE OF SEAL SANDS BY GREY PLOVERS 
2. B. 1. Seasonal Changes in Numbers Feeding 
The Low Water counts provide an index of the use made of Seal Sands 
for feeding by Grey Plovers. Changes in numbers during and between 
winters can be assessed, bearing in mind the reliability of counts, discussed 
above. 
Frequent Low Water counts are available for the winters of 1976/77 and 1977/78 
(Fig. 2. 3). Numbers increased gradually from July to October, hi 1976 many 
Grey Plovers, chiefly juveniles, arrived in late September-early October, with 
a peak of 185 birds feeding on Seal Sands at Low Water, hi the following 
October many juveniles were again present, but no large population increase 
occurred. By the end of November in both years, most juveniles had left for 
other wintering grounds. (A flock of 20 Grey Plovers was seen to leave the 
estuary on 31st October 1977). However total Low Water numbers did not 
fall in November 1977 since incoming adults replaced juveniles on Seal Sands. 
Despite the differences in the pattern of autumn passage in the two 
years, a steady population fed on Seal Sands in both years from late November 
until the marked population increases of January, a period of 6-7 weeks. 
However the level maintained during this period differed, being 40-50 birds 
in 1976/77, but around 90 in 1977/78. Thus the total number of Grey 
Plovers feeding on Seal Sands in December 1977 was 100 per cent greater 
than that in 1976. 
In both winters the numbers were highest in February. The peak 
Low Water counts occurred on very similar dates, 8th February 1977 and 11th February 
1978, both being preceded by a rapid increase in, numbers. However this 
increase began 2 weeks earlier in winter 1976/77. Each increase coincided 
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Figure 2. 3 Counts of Grey Plovers in the winters of 1976/77 and 
1977/78 on Seal Sands at Low Water ( ) and on 
the north side of the Tees estuary at High Water ( A ) . 
Also shown are the "Birds of Estuaries" counts ( A ) . 
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with the onset of the coldest conditions of that winter (27th December 1976, 
and 14th January 1978). 
Possibly the new arrivals are birds that have been forced off less 
suitable wintering grounds by cold weather and its depressive effects upon food 
availability (Pienkowski 1980b), However, very few birds feed along the 
Durham or North Yorkshire coasts (R. McAndrew, pers. comm.) so these 
large influxes cannot be explained purely by local movements. 
An alternative explanation is that these birds are in fact on migration 
northwards to their breeding grounds, having left wintering grounds in 
southern Europe and Africa during December. In support of this, the peak 
in the small numbers feeding along the Durham coast coincides with the 
peak numbers on Seal Sands (R. McAndrew, pers. comm.). If Grey Plovers 
are moving northward in January and February, their stay on Seal Sands 
may be caused by the harsh conditions retarding their progress north, 
or simply coincident with them. 
hi both years the peak was followed by a steady decrease from 
mid-February to a level of 10-25 birds in April. During late April and May 
there was a further, small, passage of Grey Plovers, indicated by an increase 
in numbers and the appearance of birds in full summer plumage. Few of the 
wintering population acquired this plumage whilst on the estuary. 
The total use made of Seal Sands by Grey Plovers was very similar 
in the two winters (bird-days November to March inclusive: 3,720 in 
1976/77, and 3,820 in 1977/78). 
My counts of birds at roost sites show general agreement with the 
population changes revealed by the Low Water counts, especially in 1977/78. 
In both years maximum High Water counts exceeded the Low Water counts, as 
expected (see Section 2. A. 3). However, the difference between High and Low 
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Water counts varied, and was larger during periods of influx, i. e. October, 
and January to March, This suggests that only a proportion of the arrivals 
fed on Seal Sands. The remaining birds, together with any displaced from 
Seal Sands by newcomers, must have fed in marginal habitats such as the 
coast. Such birds could have produced the increases in coastal numbers 
detected at this time. In February 1977 the large difference between High 
and Low Water counts- decreased rapidly over a two-week period, suggesting 
that these "excess" birds soon left the estuary. 
The 'Birds of Estuaries' (B. O. E . ) counts for Teesmouth (see Fig. 2. 3) 
show general agreement with my High Water counts, except in December 1977 
and January 1978 when roosts were missed in the B. O. E . census. 
'Birds of Estuaries' counts from previous years indicate October 
peaks in some years but not others. This may be due to influxes falling 
between two monthly counts, or to real differences between years, hi five 
of the past six winters, a peak in Grey Plover numbers has been detected 
by B. O. E . counts in February suggesting that the Tees may be a regular 
'refuelling site' on the northward migration. 
2. B. 2. a. The distribution of birds on Seal Sands at Low Water 
A general pattern of use of different areas of Seal Sands can be 
discerned at Low Water, the period of maximum exposure of the intertidal 
habitat (Figs. 2. 4 and 2. 5). This distribution was not maintained throughout 
the tidal cycle of exposure of Seal Sands, as will be discussed in Section 2. B. 3, 
nor did it remain constant throughout a winter (see Section 2. B. 2. b.). 
Central Bank held the largest number of Grey Plovers on Seal Sands 
at Low Water (1976/77 x 59. 5, 1977/78 x 58. 0; see Table 2. 2). This bank 
lies at the highest tidal level at which mud occurs, and is the largest area of 
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Figure 2. 4 Typical examples for each month of the distribution of 
Grey Plovers between the different areas of Seal Sands 
at Low Water, in two winters. The counts for each 
area are shown as percentages of the total present on 
Seal Sands on that day. 
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Figure 2. 5 The main feeding areas used by Grey Plovers on 
Seal Sands at Low Water. 
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Table 2.2 
Counts at Low Water of Grey Plovers on 
Seal Sands in the months October to March 
1976/77 
Number 
of counts Mean 
Standard 
Deviation 
Coefficient 
of variation31 
Mean as a 
percentage 
of the Seal 
Sands total 
Seal Sands total 11 109. 2 56. 5 0. 52 100.0^ 
Central Bank 11 59.5 39.0 0.66 54.57. 
Eastern Channel 16 15.9 3.9 0.25 14.67 
Scalloped Mud 12 14.8 15.7 1.06 13.67. 
Greenabella Bank 12 15.5 11.6 0.75 14. 27 
Central Channel 12 3.4 4.0 1.16 3.17 
1977/78 
Seal Sands total 11 97.9 34.6 0. 35 100.07 
Central Bank total 12 58.0 33.9 0.58 59.27 
Eastern Channel 18 15.4 4.6 0. 30 15.77 
Central Bank - eastern** 11 21.7 6.4 0.29 22.27 
Central Bank - middle 11 21.1 16.2 0.77 21.67 
Central Bank - western 11 32.1 18.4 0. 57 32.87 
Scalloped Mud 15 9.9 6.4 0.64 10.17 
Greenabella Bank 14 10.9 7.8 0.72 n . i 7 
Central Channel 14 2.9 4.9 1.69 3.07 
* / - < « « • • < . « - J . - Standard deviation 
* Coefficient of variation = 
Mean 
** Central Bank - eastern includes both the eastern part of 
Central Bank and Eastern Channel (see Fig. 2. 8). 
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mud on Seal Sands. Although it constitutes 38 per cent of the total area of 
mud, it held between 50 and 60 per cent of the total Grey Plover population 
in the two winters. Most of the birds fed on the northern half of Central 
Bank, particularly on the large area of Enteromorpha-covered mud (see 
Section l . B ) . Few birds fed on the softest muds near the East-West 
Reclamation wall (Table 2. 3). 
The Eastern Channel held approximately 15 Grey Plovers each winter 
(1976/77 x 15. 9, 1977/78 x 15. 4) on an area of 22 hectares (16 per cent of the 
total area of mud). The distribution within the Eastern Channel at Low Water 
was similar to that on Central Bank, with most birds on the area furthest 
from the Reclamation Wall, fewer along the central section, and usually 
none on the softest muds near the Reclamation Wall. No Grey Plovers fed on 
the Peninsula Sands, although some fed on very sandy mud in the adjacent 
Eastern Channel. 
Central Channel, which comprises 18 hectares of liquid mud (13 per cent 
of the total area of mud), was avoided by Grey Plovers. A maximum of 2 were 
present for most of the 1977/78 winter and 4 the previous winter. When 
present in the Central Channel, Grey Plovers generally fed close to the 
Central Bank and not near the tide edge. 
The use of the other areas, Scalloped Mud and Greenabella Bank, was 
very variable, but each usually held less than 20 birds. Within each of these 
two areas Grey Plovers generally avoided the softest mud (which occurred at a lower 
tidal level) and fed upon the firmer mud such as the eastern half of Scalloped Mud 
and the ridge which runs along Greenabella Bank parallel to the sea wall (see 
Section 1. B). 
Qn all areas Grey Plovers avoided the tide edge while feeding, and 
spread out across the mudflats, chiefly on areas of firmer mud, and rarely on 
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Table 2.3 
Four Low Water counts of Grey Plovers showing 
their distribution between the northern, central 
and southern sections of Central Bank 
10. 11.77. 
13. 1.78. 
16. 2.78. 
16. 3.78. 
Central Bank 
- north 
11 
12 
20 
21 
B 
Central Bank 
- central 
8 
24 
31 
Central Bank 
- south 
7 
10 
6 
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areas of liquid mud. They spent much time feeding in small creeks or along 
the sides of large creeks, in both eases apparently capturing prey present on 
the sloping sides of the creeks. 
Differences in distribution between spring and neap tides - Grey Plover 
counts for successive neap and spring tides with similar Seal Sands totals (flppWe* j) W K K . 
compared ( ) to reveal any differences in distribution resulting from 
the differences in area exposed at Low Water on neaps and spring (see Section 1. B). 
(Comparing successive tides excluded any seasonal variation in the distribution.) 
Grey Plovers were relatively unaffected by the difference in area exposed 
on neaps and springs as they fed away from the tide edge mainly on Central 
Bank and Eastern Channel which were completely uncovered on every Low Water. 
As they avoided Central Channel no change in Low Water distribution occurred 
on extreme neaps, hi 1977/78 the number of Grey Plovers on Greenabella Bank 
at Low Water was usually similar on neaps and springs. In 1976/77 there were 
more present on springs on 4 out of 5 occasions. As Grey Plovers generally 
avoided the lowest tidal levels and the tide edge, any increase in numbers on 
Greenabella Bank on springs must have been a response to the increased 
area of sparsely populated mud on the top of the mudbank. This increase 
was caused by most waders of other species moving to the lowest mudflats in 
Seaton Channel to feed. Exceptionally, Grey Plovers did feed on the lowest 
mudflats of Greenabella Bank at Low Water on an extreme spring tide, 
e. g. 10th December 1977 when 11 out of 13 Grey Plovers fed on open mud close 
to the tide edge. Even then they kept away from the flocks of Curlews and 
Godwits feeding at the water 's edge. 
The counts for other sections of Seal Sands indicate that the Grey Plovers 
which fed on Greenabella Bank on spring tides in 1976/77 probably used 
Central Bank on neaps ( ^ . 2.5. M 1 9 7 7 / 7 8 m y g u c h e x c h a n g e a p p e a r s t o 
no 
Fig. 2.,r)a. Differences in the distribution of Grey Plovers on 
Seal Sands on spring and neap tides. 
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Abbreviations as on Table 3. 19. 
Full counts set out in Appendix 1. 
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have been between Greenabella Bank and the eastern half of Scalloped Mud. 
2. B. 2. b. Seasonal changes in the Low Water distribution 
Zwarts (1976) has shown that the distribution of Teal (Anas crecca) on 
intertidal mudflats is dependent upon population density, favoured areas being 
filled before sub-optimal sites are used. I therefore examined the 
distribution of feeding Grey Plovers on Seal Sands to determine whether it 
too was influenced by population density. The two winters 1976/77 and 1977/78 
are treated separately as invertebrate prey distributions may have changed 
between the winters. 
(i) Winter 1976/77 (Fig. 2. 6 and Table 2. 2) - With the arrival of Grey 
Plovers on Seal Sands in autumn, the first area to be filled to a ceiling was 
Eastern Channel. Numbers feeding there at Low Water increased to 15 - 20 
(x = 15. 9) by October, and this level was maintained through the winter, with 
little variation (coefficient of variation (ay) = 0. 25) until March when numbers fell 
due to emigration. Eastern Channel thus showed the characteristics of an 
optimal area in the sense used by Zwarts. 
Although Grey Plovers fed in other areas of Seal Sands from September 
onwards, my counts did not reveal any comparable long-lasting plateaux 
in numbers throughout the winter, hi contrast to the counts for Eastern Channel, 
those for Central Bank varied with the time of year (c.v. = 0.66), mirroring the 
total Seal Sands Low Water counts very closely. This would be expected of 
a sub-optimal site, used by surplus birds when the optimal site (Eastern 
Channel) is full. A ceiling may have been reached on Central Bank during 
population peaks, as similar numbers of Grey Plovers fed there in October and 
February despite marked differences in totals for the estuary as a whole 
(High Water counts, see Fig. 2. 3). 
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feeding on the different areas of Seal Sands at 
Low Water during the winter of 1976/77. 
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Counts for Scalloped Mud (X = 14. 8) indicate that this is also a sub-
optimal feeding site, at least for adult Grey Plovers. Changes in numbers 
generally paralleled those on the whole of Seal Sands, but during the mid-
winter population peak a ceiling of 15 - 20 birds was quickly reached and 
maintained for a few weeks until the spring emigration. During the autumn 
peak a similar ceiling was reached. (The count on 16.10.76. which greatly 
exceeded this level may have been an anomaly produced by the recent arrival 
of a large flock of juvenile Grey Plovers on passage.) Scalloped Mud was 
certainly an area favoured by juvenile Grey Plovers in the autumn. 
Numbers at Low Water in Central Channel remained very low through 
the winter (x = 3. 4) and any larger numbers observed were probably due to 
birds being displaced by disturbance on other areas of Seal Sands, especially 
Central Bank. Central Channel appears to be a very poor feeding site for 
Grey Plovers and was not used even at high Seal Sands population levels. 
No seasonal pattern can be detected in the counts for Greenabella 
Bank. No ceiling was reached during the winter. A tendency for the counts 
to parallel changes in those for Seal Sands as a whole suggests that it is a 
sub-optimal area taking surplus birds at Low Water. Numbers there were 
also correlated with the height of the tide, more Grey Plovers feeding there 
on spring tides when an increased feeding area was available (see above), 
(ii) Winter 1977/78 (Fig. 2.7 and Table 2.2) - As in 1976/77, Eastern 
Channel was a preferred feeding area for Grey Plovers, being filled in autumn 
to a ceiling of 15 - 20 birds which was maintained throughout the winter 
(x = 15. 4, c. v.= 0. 30). 
The 1977/78 counts for Central Bank were combined with those for 
Eastern Channel and then divided into 3 smaller sections, as indicated in 
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Figure 2. 7 Seasonal changes in the number of Grey Plovers feeding 
on the different areas of Seal Sands at Low Water during 
the winter of 1977/78. 
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Fig. 2. 8. This revealed that the preferred area for Grey Plovers extends 
westwards from Eastern Channel onto part of Central Bank. Counts for this 
area(Section 1 on Fig. 2. 8) reached a ceiling of approximately 20 birds in 
autumn and remained level for most of the winter (x = 21. 7, c.v. = 0. 29). The 
increase of up to 12 birds during the mid-winter population peak was due to 
Grey Plovers feeding in the softer muds of Eastern Channel and Central Bank 
nearer the Reclamation Wall. Similar behaviour was observed during the mid-
winter peak of 1976/77. Thus the area preferred by the Grey Plovers and filled in 
autumn does not extend as far south as these softer muds, which are sub-optimal 
substrates used only when high numbers are present on Seal Sands. The softest 
muds adjacent to the East-West Reclamation Wall were not used at all, as in 1976/77. 
Counts for the other sections of Central Bank paralleled those for the 
whole of Seal Sands, these sub-optimal areas taking surplus birds during 
population increases. No ceiling in numbers was reached, to spring the open 
mud in the western section (Section 3 in Fig. 2.8) became the main feeding 
site for up to 90 per cent of the Grey Plover population. Their concentration 
into this area may have been due to changes in prey availability and/or changes in 
social behaviour prior to migration. 
As in 1976/77, a ceiling of 15 - 20 birds was maintained on Scalloped Mud 
during both the autumn passage of juveniles (which again favoured this area as 
a feeding site), and the mid-winter peak. 
An analysis of all available counts for the two distinct halves of 
Scalloped Mud (Fig. 1. 2) shows that in autumn the juveniles preferred the 
softer mud of the western half (Fig. 2.9). to contrast, during the mid-winter 
peak, few Grey Plovers fed there, and instead used the firmer, drier eastern 
area. 
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winter: 1. Central Bank - eastern 
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Figure 2. 9 Low Water counts of Grey Plovers on the two halves of 
Scalloped Mud during the winter of 1977/78. 
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The numbers feeding in Central Channel were even lower than in 1976/77 
(x = 2. 9), except during the autumn passage of juveniles. No seasonal pattern 
in the counts for Greenabella Bank could be detected. Numbers increased in 
parallel with those for the whole of Seal Sands to reach a peak in December. 
There was then a marked decrease, and numbers rarely exceeded 5 after 
mid-January, 
(iii) Conclusions - The distribution of Grey Plovers at Low Water on Seal 
Sands was similar in the two years studied and is dependent upon the total 
numbers of birds on Seal Sands, The preferred area, Eastern Channel and the eastern 
side of Central Bank, is filled in autumn. During peaks in the total Seal Sands 
population, sub-optimal areas (Scalloped Mud, the rest of Central Bank) receive 
surplus birds until they are filled. Areas of liquid mud such as the Central 
Channel are avoided by adult Grey Plovers even at high population levels. 
However juveniles in autumn show different preferences, feeding particularly 
on the areas of liquid mud on Scalloped Mud and Central Channel. 
A few observations suggest that further subdivision of Central Bank counts 
might show that the northern Enteromorpha-covered mud (see Table 2.3, area A), 
is also a preferred feeding site for Grey Plovers, whereas the softer mudflats 
nearer the wall are used mainly during population peaks. 
2.B. 3. Changes in Distribution During the Tidal Cycle (Fig. 2.10) 
The distribution patterns described earlier refer to the Low Water 
period, when the maximum area of mud is exposed. Because of the topography 
of Seal Sands (described in Section 1. B) , this area is exposed from approximately 
High Water + 5 to High Water 4 7 1 /2 hours, i . e. Low Water - ~1. Either side 
of this period, the mudflats are covered to a varying degree, thus affecting the 
distribution of the feeding birds. It is important to note that these patterns apply 
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only to the population as a whole, hi later sections the different patterns 
shown by different individuals will be described in detail. 
The patterns observed in 1976/77 and 1977/78 were as follows. As 
the tide ebbed, feeding areas along the eastern side of Eastern Channel were 
exposed first. Grey Plovers often fed on these areas, throughout the winter 
(Table 2.5). However, there were usually less than 20 birds feeding on 
any ebb tide. The Grey Plovers always fed behind the retreating tide edge if 
flocks of Knot and Dunlin were present and feeding there. They occasionally 
moved to feed at the tide edge itself, once the Knot and Dunlin had left Eastern 
Channel for the freshly uncovered parts of Central Bank and Scalloped Mud. In 
general, Grey Plovers did not fly to Central Bank and Scalloped Mud until 
15 - 35 minutes after their first exposure. During this period the other 
shorebird species already on the mudflats followed the retreating tide edge, gradually 
leaving a sparsely populated area away from the tide. Only when such an 
area had been created did the main flock of Grey Plovers move onto the exposing 
mudflats (Fig. 2.10, stage 3). 
As the ebbing tide gradually exposed Central Bank and Scalloped Mud, 
the Grey Plovers spread out, always on open mud rather than at the tide edge. 
On Central Bank many moved north as the flat northern half of Central Bank 
and the top of Eastern Channel became exposed (~ I - 1 V 2 hours after the first 
mud on Central Bank). Once uncovered this area held a large proportion of the 
total number of Grey Plovers on Seal Sands (as indicated earlier, in Section 2 . B . 2 . a). 
On most days on Scalloped Mud, up to 30 Grey Plovers fed first around the 
mussel scars, but left these once further areas had been exposed for some time 
and were relatively empty of birds (Fig. 2.10). (Many of these Grey Plovers left 
Scalloped Mud during the Low Water period, once lower mudflats had been uncovered.) 
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Table 2.5 
The occurrence of ebb tide feeding 
along the Eastern Channel by Grey 
Plovers during the winter of 1977/78 
Aug Sept Oct Nov Dec Jan Feb Mar 
Number of days on which 
the Eastern Channel tide 
edge checked for birds 1 2 3 2 2 3 2 2 
Number of days on which 
feeding occurred 1 2 1 1 2 0 2 0 
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Movement of Grey Plovers to Greenabella Bank again occurred well 
after the first mud had appeared there and after the other shorebird species had 
followed the tide edge to its lowest position (Fig. 2. 11). 
A smaller percentage of the Grey Plovers present on Seal Sands fed 
on the flood than the ebb tide. Any that had finished feeding moved directly to the 
sandy ridge on Central Bank or to the mussel scars on Scalloped Mud where they 
washed and preened themselves. These birds moved to the scars before being 
pushed off their feeding area by the tide. 
Those still feeding on lower mudflats, e.g. Eastern Channel, Greenabella 
Bank and the northern part of Central Bank, remained there until the incoming 
tide forced them to move to higher mudflats, (Fig. 2.11). These birds collected 
in distinct areas of Central Bank, and were finally forced onto the sandy ridge 
before flying off to roost. On Scalloped Mud the feeding Grey Plovers again 
remained on the lower areas, until pushed off by the tide towards the mussel 
scars which were their final refuge before flying to roost. 
These tidal patterns of use were sometimes modified bys 
(a) Weather - During periods of cold weather (e.g. 17. 1.78, 17.2.78) 
movement of Grey Plovers to Central Bank and Scalloped Mud on the ebb tide 
occurred sooner, with less delay between first exposure and movement of the 
main flock. This indicates that foraging at/near the Eastern Channel tide edge 
did not provide food at a sufficiently high rate to meet their energy demands 
in cold weather. 
On the incoming tide the Plovers tended to feed for longer, many still 
searching for prey on the last remaining mudflat even when surrounded by flocks of 
other waders. Also they tended to fly to the roost only when Seal Sands was 
completely covered. 
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Figure 2,11 Counts of Grey Plovers on Greenabella Bank during the 
period of exposure, in the 1977/78 winter. Solid lines 
join counts made on the same day. The dotted lines 
indicate the mean times of emergence and submergence 
of Greenabella Bank. 
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(b) Season - In both years, Grey Plover numbers increased in September/ 
October and January/February. During both these periods Grey Plovers were 
observed feeding in sites they did not use at other times of year. As the falling 
tide exposed Scalloped Mud, large numbers (maximum 99) fed on the mud between 
the mussel scars and mid-tide wall during the January/February peak (e. g„ 13. 2. 77, 
19.1.78, 3.2. 78, 17.2.78 and especially 17.1.78). Even after lower areas of 
mudflat had been exposed, some Grey Plovers continued to feed close to the 
seawall, and similar feeding sites were used during the September/October peak. 
During the autumn peak in 1978 many more Grey Plovers fed along the Eastern 
Channel tide edge on the ebb tide. On 18th October 1977, 95 fed there, compared 
with a maximum count of 20 during the rest of the winter. These birds may have 
required this additional feeding due to either recent arrival on the estuary or 
imminent emigration. 
From mid March 1978 until their departure from the estuary, many of 
the remaining Grey Plovers adopted a different foraging behaviour forming 
loose flocks, often with Dunlin. Rather than feeding in sparsely populated 
areas the Grey Plovers wandered as a flock around Seal Sands. Greenabella 
Bank, the lower parts of Scalloped Mud and Central Bank were the main areas 
visited, but no regular pattern of usage could be discerned. 
(c) Disturbance - The choice of feeding area whilst the mudflats were 
exposing was also influenced by disturbance, both human and avian. Helicopter 
flights over Seal Sands and humans on the sea wall frequently redistributed the 
birds. 
During mid-January and early February 1978 huge increases occurred 
in the number of gulls on the estuary, numbers being in excess of 10,000. 
These gulls tended to use Seal Sands as a roosting area, covering the Peninsula 
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during High Water and Central Bank at Low Water. Their physical presence 
alone hindered feeding along the Eastern Channel tide edge. If the gulls moved 
onto Central Bank as it became exposed, little sparsely populated mud was 
available for the Grey Plovers. The arrival of the Grey Plovers on Central 
Bank was therefore delayed until such mud became available to them, e. g. 15.1.78. 
It was during this period that Grey Plovers began using Scalloped Mud in large 
numbers (up to 100) as the tide ebbed, probably because Scalloped Mud 
remained free of gulls. Also up to 145 Grey Plovers moved onto Scalloped Mud 
rather than Central Bank as the incoming tide covered the lower mudflats. 
At Low Water on 13.1.78 and 15.1,78 unusually high numbers of Grey Plovers 
fed cm Central Channel and the western part of Central Bank due to the gulls 
roosting further east on Central Bank. 
When the fields were covered in deep snow in mid-February 1978 large 
numbers of Golden Plovers (up to 700) moved onto Seal Sands to feed. They fed 
on the sandy ridge of Central Bank, the first area exposed by the tide. Due to 
interspecific competition for space many Grey Plovers (up to 50) were unable 
to feed on Central Bank at this stage of the tidal cycle, and hence fed on 
Scalloped Mud instead. On Central Bank some individuals of both species of 
plover, which are of similar size, defended territories. As well as intra-
specific exclusion by both species, Grey Plovers occasionally evicted Golden 
Plovers from their feeding sites. The majority of individuals of both species, 
however, relied on mutual avoidance to find a site free of plovers in which 
to feed. Some Grey Plovers fed on Scalloped Mud instead of Central Bank 
simply because of the large number of plovers present in their usual feeding 
site. 
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2. C . THE USE OF SEAL SANDS BY CURLEWS 
2. C. 1. Seasonal Changes in Numbers Feeding 
Regular Low Water counts of Curlews on Seal Sands are available 
for the winters of 1976/77 and 1977/78 (Fig. 2.12). These counts show 
considerable variation even on successive days, particularly in mid winter, 
and therefore it is difficult to estimate the total use of Seal Sands through 
each winter in bird-days, a figure needed if the impact of Curlew on their 
foods is to be estimated. However, High Water counts made by myself and 
by the B. O. E . counters (when all the roosts were checked) indicated a fairly 
constant population on the whole estuary for much of the winter. In 1976/77 a 
level of 280 - 300 was maintained from late September (the earliest count 
available) until December. Following an increase in late December and January, 
numbers remained around 440 - 480 from February to mid-April. In 1977/78, 
after a passage of birds in July, 340 - 370 birds were present on the estuary 
from August until December. The few reliable counts for January-February 
suggest a decrease to 260 - 280. In early March, 400 - 420 birds were present, 
indicating an influx of Curlews during February. This level was maintained 
until emigration in mid April. 
Short-term changes in the numbers of Curlews feeding on Seal Sands at 
Low Water must therefore have been due to a redistribution of feeding birds 
between Seal Sands and other feeding habitats on the estuary. 
The only other large intertidal feeding site suitable for Curlews was 
Bran Sands, an area of sandflats on the south side of the estuary (Fig. 1.1) 
which supported very low densities of the larger invertebrates. Bran Sands 
used to support many hundred Curlew before pollution killed the invertebrates 
there in the early 1960s (Stead 1964). In 1977/78 no more than 23 Curlews were 
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Figure 2.12 Counts of Curlews in the winters of 1976/77 and 1977/78 
on Seal Sands at Low Water ( -»-) and on the north side 
of the Tees estuary at High Water ( A ) . Also shown 
are the "Birds of Estuaries" counts ( A ) . 
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seen feeding there at Low Water until March (D. M. Brearey, pers. comm.), 
and changes in Low Water use of Bran Sands paralleled those for Seal Sands. 
Therefore movement between Seal Sands and Bran Sands cannot explain the 
marked day to day changes in Seal Sands Low Water counts. 
Instead, these changes appear to be caused by the variable use of the 
other major feeding habitat for Curlews, the low-lying fields surrounding 
the north side of the estuary. It was not possible to find and count all the 
Curlews feeding on the fields, but groups of 10 - 40 were observed feeding 
on the few accessible pastures near Seal Sands. 
The division of feeding Curlews between Seal Sands and the surrounding 
pastures seemed to be determined primarily by the weather conditions. When 
the pastures were frozen and/or covered with deep snow, e.g. on 29th 
December 1976, and 11th February 1978, Curlews were unable to feed on the 
fields and had to move onto Seal Sands to feed; hence the Low Water counts 
on the mudflats were high. If a rapid thaw follows a period of snow cover 
the fields become waterlogged, earthworms come to the surface and field 
feeding for the Curlews is extremely profitable. This occurred for example on 
16th January 1977, producing a Low Water count on Seal Sands of only 73 Curlews 
(18 per cent of the total population on the estuary), compared with a peak of 
395 ( — 100 per cent) during a period of heavy snow a fortnight earlier. Periods 
of rain produce feeding conditions similar to those during a rapid thaw, and 
Low Water counts on the intertidal areas are similarly reduced, e. g. 2nd 
February 1978. Finally, the extensive flooding of the pastures which followed 
the breaching of the sea walls on 11th January 1978 resulted in a Low Water 
count on Seal Sands next day of only 128 Curlews (50 per cent) due to the profitable 
feeding available on the fields. 
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Thus most short-term changes in numbers of Curlews feeding on Seal 
Sands at Low Water can be related to the relative profitability of the 2 main 
Curlew feeding areas. Long-term trends in Curlew numbers on Seal Sands 
are also correlated with the weather. After the passage period of July and 
August, the Low Water counts showed no marked variations from September 
to November (1976/77 coefficient of variation (c. v . ) = 0.11, 1977/78 c.v. = 0.14), with 
70 - 90 per cent of the estuary population feeding on Seal Sands, hi both winters 
there was a gradual decrease in the number of Curlews feeding on Seal Sands 
from a September peak to the lowest Low Water counts which occurred in 
January. This paralleled the seasonal decrease in air temperature (see Fig. 3.19). 
During mid winter, the Low Water numbers remained at 100 - 150 in 
1976/77 and around 200 in 1977/78, unless extreme conditions of snow or 
flood markedly altered the relative profitability of the fields, hi each winter, 
variation in Low Water numbers on Seal Sands was greatest during this period 
(see Fig. 2.12). It is not clear why the numbers varied much more during 
winter 1976/77, but it could be due to greater disturbance on the fields 
favoured by the Curlews. 
In February the Low Water numbers increased to a spring peak which 
was maintained with reduced day to day variation (March-first half April, 
1976/77 c.v. = 0. 36, 1977/78 c.v. = 0.12) until emigration from the estuary 
in April. The numbers using Seal Sands at Low Water decreased from mid-
March in 1976/77, whereas numbers remained steady until April in 1977/78. 
However, the B. O. E . counts for April 1977 and April 1978 suggest that the 
emigration from the estuary occurred during late April and May in both winters. 
So a clear seasonal pattern in the use of Seal Sands by Curlews underlies the 
short-term variations. It comprises an autumn peak, a decrease to a mid 
winter minimum and then a rise to a spring peak. A similar pattern was 
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detected in Curlew Low Water numbers on Seal Sands in the three winters 
1973-76 (Evans, 1980), 
B. O. E . counts for previous years show no consistent pattern (probably 
due to counting errors), but there is confirmation for the population increase 
in spring. 
2. C. 2. a. The distribution of birds on Seal Sands at Low Water 
A general pattern in the dispersion of Curlews on Seal Sands at Low 
Water can be discerned (Fig. 2.13). The variations in this pattern due to 
tidal height, weather conditions, time of tidal cycle and time of year will be 
discussed in later sections. 
Most Curlews fed at/near the tide edge, particularly on liquid mud. 
Therefore at Low Water they were concentrated on the mudbanks beside Seaton 
Channel, the lowest areas exposed (Fig. 2.14). The high counts for Greenabella 
Bank and Central Channel were due in part to Curlews feeding at high density at 
the Seaton Channel tide edge, particularly on spring tides (see below). 
Greenabella Bank held the largest number of Curlews on Seal Sands at 
Low Water, The mean number for winter 1977/78 (x = 130. 5) was over 80 per 
cent higher than that in winter 1976/77 (x = 69. 8; see Table 2. 6). With this 
large number in 1977/78, Greenabella Bank held 50 per cent of the total Seal 
Sands population at Low Water. 
The number of Curlews feeding in Central Channel was similar in the 
two winters (1976/77 x = 41.7, 1977/78 x = 53.4), this constituting about 
20 per cent of the total Low Water population. Thus 50 - 70 per cent of the 
Curlews on Seal Sands fed on Greenabella Bank and Central Channel. 
Central Bank held a similar number of Curlews to Central Channel 
(1976/77 x = 50. 7, 1977/78 x = 45. 9) despite being three times as large an 
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Table 2.6 
1976/77 
Seal Sands total 
Central Bank 
Eastern Channel 
Scalloped Mud 
Greenabella Bank 
Central Channel 
Counts at Low Water of Curlews on 
Seal Sands in the months October to March 
Mean as a 
percentage 
Number Standard Coefficient of the Seal 
of counts Mean Deviation of variation Sands total 
13 
13 
13 
13 
13 
12 
226.5 
50.7 
6.8 
60.8 
69.8 
41.7 
102. 3 
37.9 
4.7 
64. 1 
25. 8 
20. 9 
0.45 
0.75 
0.70 
1.05 
0.37 
0. 50 
100. 0?„ 
22.42 
3.02 
26.82 
30.82 
18.42 
1977/78 
Seal Sands total 13 255.3 61.7 0.24 100.02 
Central Bank total 12 45.9 25.6 0.56 18.02 
Eastern Channel 17 7.8 3.4 0.44 3.1% 
Central Bank - eastern 11 13.1 5.8 0.45 5.1% 
Central Bank - middle 11 12.2 6.5 0.53 4.82 
Central Bank - western 11 26.0 17.2 0.66 10.22 
Scalloped Mud 14 31.5 18.7 0.59 12.32 
Greenabella Bank 15 130.5 29.7 0.23 51.12 
Central Channel 12 53.4 33.7 0.61 20.92 
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area, fti contrast to the Curlews on areas with a long tide edge at Low Water, 
those on Central Bank were spaced out on the open mud, particularly on the 
western side (Table 2. 6, 1977/78 Central Bank counts). The few Curlews 
feeding in Eastern Channel at Low Water (1976/77 x = 6. 8, 1977/78 x = 7. 8) 
were also spread out on the exposed mud. Like the Grey Plovers they generally 
avoided the softest muds close to the Reclamation wall. Scalloped Mud was not 
a major feeding area for Curlews at Low Water. Curlews fed mainly on the 
softest mud of the western half and along the Seaton Channel tide edge. The 
northern tip of Scalloped Mud was a favourite roosting area for Curlews, and 
high counts on Scalloped Mud at Low Water were due to large numbers of Curlews 
roosting there, e.g. : 
7. 3. 77. 151 Curlews on Scalloped Mud, 139 roosting, 12 feeding 
6. 4. 78. 84 Curlews on Scalloped Mud, 62 roosting, 22 feeding. 
Differences in distribution between spring and neap tides - The major 
changes in area of mud exposed on Seal Sands between spring and neap tides 
occur along Seaton Channel (see Section 1. B), i . e. in the centre of the main 
Low Water feeding area of Curlews. Changes in area of mud exposed would 
therefore be expected to affect the distribution of Curlews to a much greater 
extent than that of Grey Plovers. This was investigated by comparing counts 
for successive neap and spring tides with similar Seal Sands totals (Appendix 1). 
1977/78 - The number of Curlews feeding at Low Water on Central 
Channel and Greenabella Bank was in general higher on the spring tides, 
whereas that on Central Bank was lower (Fig. 2.14a). Thus Curlews that fed 
on the lowest mudflats of Greenabella Bank and Central Channel on spring Low 
Waters probably fed on neaps on Central Bank, particularly on the western half; 
Fi^ . 2. 14a: Differences in the distribution*of Curlews on Seal 
Sands on spring and neap tides, in two winters. 
Frequency 
6 1 
4 
2-\ 
GB 
A 
A A 
CCh CB 
1976/77 
N=4 
SM 
6-1 
4 -
2 -
A 
GB 
A 
CCh CB 
1977/78 
N=8 
SM 
KEY: Columns show the number of occasions on which; 
Spring count higher than neap 
I I Neap count higher than spring 
N = total number of spring/neap pairs. 
Other details as on Fig. 2.5a. 
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5.10.77 Neap: Central Bank western half 151, eastern half 31 
13.10.77 Spring: " " " " 81 " " 1 
14. 4.78 Neap: " " " " 131 " " 1 
6. 4.78 Spring: " " " " 28 " " 8 
Even when the spring and neap counts for Greenabella Bank, and other 
areas, were similar, (e.g. 2.2.78/28. 1.78, 16. 2.78/11. 2.78) the Low Water 
distribution of Curlews within areas changed. On springs a much greater 
proportion of the Curlews on Greenabella Bank and Central Channel fed at/near 
the tide edge: 
9.3.78 Spring: 224 Curlews on Greenabella Bank and Central Channel, 
85 per cent at the tide edge 
2. 2. 78 Neap: 122 Curlews on Greenabella Bank, 
22 per cent at the tide edge 
The distribution of Curlews on Scalloped Mud also differed between 
neaps and springs. Although the eastern half of Scalloped Mud held a major 
roosting site for Curlews, the western half was used only by feeding birds. 
More birds fed on the western half on neap than on spring Low Waters ( 2..m-b). 
On spring tides these birds probably fed on the lower mudbanks exposed along 
Seaton Channel. 
1976/77 - Comparisons between neaps and springs were more difficult 
than in 1977/78 as the total number of Curlews on Seal Sands at Low Water 
varied so markedly. There are no consistent differences associated with the 
changes in area of mud exposed. 
Fig, 2. 141* Differences in the distribution of Curlews on the 
two halves of Scalloped Mud on spring and neap 
tides during the winter of 1977/78. 
0 N = 7 
Frequency 
2-
V 
V 
West East 
KEY: Columns show the number of occasions on which: 
Spring count higher than neap. 
• Neap count higher than spring. 
N total number of spring/neap pairs. 
Other details as on Fig. 2. 5a. 
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2. C. 2.b. Seasonal changes in the Low Water distribution 
Seasonal changes in the distribution of feeding Curlews at Low Water 
can be detected despite the marked short-term changes in numbers described 
earlier (Section 2. C. 1). As there are differences in the Low Water distri-
butions of the two winters (Section 2. C. 2. a), the changes during winter 
1976/77 and winter 1977/78 will be discussed separately. 
(i) Winter 1976/77 (Fig. 2,15 and Table 2. 6) - There is no clear evidence 
of favoured areas being filled to a ceiling during autumn, and then remaining 
at a constant level until Curlews moved off to the fields later in the year. 
However as detailed counts were not made before October, such filling of 
favoured areas may have been missed. 
Greenabella Bank held a reasonably constant number of Curlews 
throughout the winter (x = 69. 8, c. v. = 0. 37). Numbers in December were 
50 per cent lower than in other months. For the rest of the winter numbers 
generally remained around 60 - 90. The fairly constant, high number suggests 
that it was an area preferred by Curlews throughout the winter. The spring 
decrease for Greenabella Bank coincided with that for Seal Sands as a whole. 
The counts for Central Channel were more variable (c. v. = 0. 50) and no 
definite seasonal pattern is evident. Use of Central Channel was greatest in 
November-December and gradually fell during the rest of the winter. During 
Seal Sands population peaks there was a small increase in the numbers of 
Curlews on Central Channel. The changes in numbers on Central Channel 
and those on Greenabella Bank appear to be inversely related. The combined 
counts for Greenabella Bank and Central Channel (Fig. 2.16) show that a constant 
number of Curlews fed on these areas from November to March (x = 116. 5, 
c. v. = 0. 25). This is due to many birds feeding indiscriminately on either side 
of Seaton Channel at Low Water. As the number of Curlews feeding on/near 
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Figure 2.15 Seasonal changes in the number of Curlews feeding on the 
different areas of Seal Sands at Low Water during the 
winter of 1976/77. 
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Figure 2.16 The total number of Curlews feeding on Greenabella Bank 
and Central Channel at Low Water, in two winters. For 
each winter the Low Water counts for Greenabella Bank 
and Central Channel are combined. 
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these tide edges remained constant through the winter, despite the changes 
in the total number on Seal Sands, this may be an area favoured by them. 
Numbers on Central Bank varied with the time of year (c.v. = 0.75) 
and mirrored the total Seal Sands Low Water counts, with the lowest counts 
occurring in mid winter. However in October and again in April, Central 
Bank held a higher proportion of the Seal Sands Curlew population at Low 
Water, 45 - 50 per cent as compared with the mean for the winter of 22 per cent. 
Eastern Channel held a very low number of Curlews throughout the 
winter (x = 6, 8), There werenever more than 15 present at Low Water, but 
variation in numbers was still considerable (c.v. = 0.70). Although few birds fed 
on Eastern Channel, the changes in numbers were usually related to those on 
the whole of Seal Sands. 
Numbers of Curlews on Scalloped Mud varied greatly (c. v. = 1. 05) due 
to high counts produced by roosting flocks (see Section 2. C. 2. a). Roosting 
flocks were larger during population peaks on Seal Sands so changes in 
Scalloped Mud counts paralleled those for the whole of Seal Sands. Excluding 
peak counts, 20 - 40 Curlews were present on Scalloped Mud at Low Water from 
November to January. Even these counts included some roosting birds. The 
increase during March and early April was probably produced by an increase 
in the number of Curlews roosting at Low Water in the milder weather, 
(ii) Winter 1977/78 (Fig. 2.17 and Table 2. 6) - Greenabella Bank was by 
far the most important feeding ground for Curlews at Low Water in 1977/78 
(x = 130. 5). It held a very constant population through the winter (c. v. = 0. 23). 
With the arrival of birds in July and August, Low Water numbers on Greenabella 
Bank rapidly increased showing this to be an area favoured by Curlews. A 
level of 100 - 140 birds was reached in September and maintained until December 
(mid-September to December x= 140.7, c. v. * 0.27), thus paralleling the 
62 
400 
Tot a I 
200 
0 r i i 
300-
C e n t r a i B a n k 
0 i i • 
200 
E a s t e r n C h a n n e l 
0) 0 
200 S c a l l o p e d Mud 
G r e e n a b e l l a Bank 200 
0 
200 1 C e n t r a l C h a n n e l 
• i 
J A S O N D J F M A M 
Figure 2.17 Seasonal changes in the number of Curlews feeding on the 
different areas of Seal Sands at Low Water during the 
winter of 1977/78. 
63 
increase for Seal Sands as a whole. However, in contrast to the Seal Sands 
counts, the March peak on Greenabella Bank was higher than the level there 
in September-December. The number of Curlews on Greenabella Bank 
varied more widely during emigration in April. 
The numbers of Curlews feeding on Central Channel varied considerably 
through the winter (c. v. = 0.63). The counts were highest from October to 
December, and as in 1976/77 they gradually decreased to reach a minimum in 
spring. These counts again bear an inverse relation to those for Greenabella 
Bank. The combined counts for the two areas (Fig. 2.16) show that a constant 
number of Curlews fed on either Greenabella Bank or Central Channel from 
September until April. Therefore the profitability of feeding on Central 
Channel relative to Greenabella Bank presumably decreased during the winter. 
As in 1976/77, the tidal edges of Greenabella Bank and Central Channel may 
have constituted a favoured area for Curlews. 
In contrast to the counts for 1976/77, the 1977/78 Central Bank counts 
do not bear a close resemblance to those for Seal Sands as a whole. Central 
Bank held around 120 Curlews from late July until late September. This 
constituted up to 55 per cent of the total Seal Sands population. Thus many 
of the first arrivals on Teesmouth after the breeding season stayed on Central 
Bank at Low Water, It is probable that Central Bank functioned more as a 
roosting site for these birds. After September, numbers fell steadily to a 
minimum of approximately 20 in January. A similar decrease occurred 
during winter 1976/77. Use of Central Bank in 1977/78 then increased during 
spring. Figure 2.18 shows that Curlews fed on all parts of Central Bank 
during the autumn peak, but in spring they were confined mainly to the 
western side. 
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Figure 2, 18 Low Water counts of Curlews feeding on th® three subdivisions 
of Central Bank - Eastern Channel (shown in Figure 2. 8) to 
the winter of 1977/78. 
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As in 1976/77, Eastern Channel held a low but variable number of 
Curlews (x = 7. 8, c.v. =0. 44). Numbers rose in August and September, 
paralleling the increase in the number on Seal Sands as a whole, and then 
gradually decreased to a minimum in January-February. Eastern Channel 
may have been filled to a ceiling in early autumn, with birds leaving 
subsequently going either to other mudflats or the fields. 
Use of Scalloped Mud was less variable than in winter 1976/77 (1977/78 
c. v. = 0. 59) as few large roosts were present during the counting sessions. 
Numbers remained around 20 - 60 from August to December, and then decreased 
during January, paralleling the counts for the whole of Seal Sands. In spring 
numbers increased again, partly due to birds roosting on Scalloped Mud in 
large numbers, e.g. 62 out of the 84 Curlews present on 6th April 1978 were 
roosting. Regular observations of the activities of the Curlews on Scalloped 
Mud during winter 1977/78 revealed that on average 50 per cent of the Curlews 
present at Low Water were roosting, but that this varied markedly even between 
days (c. v. = 0. 60). Therefore it is probable that the number of Curlews feeding 
on Scalloped Mud rarely exceeded 40 and was more commonly around 20. 
(iii) Conclusions - The Low Water distribution of Curlews does not seem to 
be dependent upon the total number of Curlews on Seal Sands. The differences 
between the two winters are of degree rather than kind. Greenabella Bank was the main 
Low Water feeding area used throughout both winters, but Curlews also fed on 
Central Channel in the first half of the winter and on Central Bank in autumn and 
spring. 
2. C. 3. Changes in Distribution during the Tidal Cycle (Fig. 2.19) 
The Curlews showed several patterns of movement as the tide ebbed 
and flowed. The patterns were constant through both winters, but the numbers 
of Curlews showing each pattern varied with the conditions. It must be stressed 
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that these descriptions apply to the population as a whole. The different 
patterns of movement shown by different individuals will be described in 
detail in later chapters. 
As the ebbing tide exposed the higher mudflats of Seal Sands some 
Curlews flew from their roosts to the freshly uncovered mud of Central 
Bank and Scalloped Mud and began feeding immediately. However many 
Curlews either remained on the roost for up to 2 hours after the first mud 
was exposed, or moved to the mudflats and then continued roosting there. 
The feeding Curlews followed the retreating tide edge across the 
mudflats. On Central Bank the Curlews spread out, but movement was 
particularly in a north-westerly direction towards the western edge of Central 
Bank. This north-westerly movement continued across Central Channel as it 
became exposed. Similarly Curlews on Scalloped Mud gradually moved north-
westwards, feeding at/near the tide edge and repeatedly moving onto newly 
exposed ridges on the western half of Scalloped mud (Fig. 2.19). The Curlews 
continued to feed on the furthest ridge and on the adjacent liquid mud of 
Scalloped Mud until Greenabella Bank became exposed. Then many of these 
birds, together with some from the Central Bank and Central Channel, flew 
over to feed on Greenabella Bank, especially at the tide edge. Individual birds 
that had been roosting as Seal Sands was uncovered joined this sequence of 
movements at various stages. 
Even before Low Water some Curlews had stopped feeding, and begun to 
wash and preen, or roost. For this they either remained on the same mudflat, 
but moved away from the feeding birds near the tide edge, or they flew to 
one of the two main Curlew roosts on Seal Sands, on Scalloped Mud and on 
Central Bank. 
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After Low Water the number of Curlews on the two main roosts increased 
as more Curlews finished their feeding. However some Curlews flew directly 
to their High Water roost without using the roosts on Seal Sands. Those 
Curlews still feeding remained on the lower mudflats, moving up the shore 
with the incoming tide. When Greenabella Bank and Central Channel were 
covered, feeding Curlews returned to the western parts of Scalloped Mud and 
Central Bank, usually feeding at the tide edge. 
As the tide covered Scalloped Mud and Central Bank the roosting birds 
moved to the highest areas of mudflats. Often the main Curlew flock left 
Seal Sands before the mudflats were covered. 
These tidal patterns of use were modified by: 
(a) Weather - During cold weather the Curlew population spent more 
of the tidal cycle feeding. This was achieved in 3 ways. Fewer birds roosted 
at Low Water, e.g. Scalloped Mud, Low Water: 
13.1.78, midday air temperature 6°C, 61 Curlews present, 
50 roosting 
16. 2. 78, midday air temperature 2°C, 55 Curlews present, 
23 roosting. 
Secondly, movement from the roost(s) to the exposing mudflats was earlier and 
more synchronised, with most birds feeding immediately, e.g. Central Bank 
as the first mud was uncovered: 
2. 2. 78, midday air temperature 4°C, first Curlew arrived 40 mins 
after first mud exposed. 
12. 2. 78, midday air temperature 1°C, many Curlews moved onto Central Bank 
to feed as the first area was uncovered. 
The chilling effect of a strong wind produced a similar effect even when the air 
temperature was not low: 
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20.11.78, midday air temperature 5 C , wind speed 17 - 20 kts , 
Curlews moved onto Central Bank to feed as the first area was uncovered. 
Thirdly, in cold weather there was more feeding as the tide covered 
the mudflats, and the main movement of Curlews to the High Water roost 
occurred only as the last areas were covered, e.g. Central Bank as the tide 
covered the last area of mudflatt 
24. 2.78, midday air temperature 10°C, most of the Curlew left 
Seal Sands 1 hour before the 
mud was covered. 
9.2.78, midday air temperature 1°C, Curlew flock left only when the 
last mud was covered. 
(b) Season - Some Curlews altered their pattern of movements during 
cold weather in March 1978. Up to 118 Curlews flew over to Greenabella Bank 
whilst it was still covered by the ebbing tide, and stood in the water waiting 
for it to appear. Once it began to be exposed by the tide, they immediately 
started feeding, e.g. 16. 3.78, 13 minutes after exposure of the first part of 
Greenabella Bank 170 Curlews were feeding on it. However, 1 hour before 
Greenabella Bank was exposed, these Curlews had been roosting on Central 
Bank when they could have been feeding there. Therefore, it seems that the 
profitability of feeding on Central Bank during cold weather had decreased 
markedly by spring. 
In mid-winter (e.g. 17.1.78, 31.1.78) Curlews were observed flying 
onto Seal Sands from inland. These were presumed to be birds that had been 
feeding on the fields surrounding Seal Sands. They arrived from Low Water 
onwards, and usually joined the Low Water roost on Scalloped Mud. However, 
during the very cold spell of weather in February 1978 some of these Curlews 
began feeding as soon as they arrived on Scalloped Mud. 
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(c) Disturbance - Curlews were very wary and moved considerable distances 
when disturbed. Therefore the presence of humans on the sea walls caused marked 
redistributions of Curlews. On the ebb tide human disturbance caused premature 
dispersion of Curlews from the vicinity of the East-West Reclamation Wall and 
the Peninsula. Air traffic also caused considerable redistribution at all stages 
of the tide. 
The huge flocks of gulls present on Seal Sands during January-February 1978 
had relatively little effect upon the Curlews at Low Water as the Curlews fed 
mainly near the tide edge whereas the gull flocks roosted on the open mud (and fed 
in the shipping channel or on the coast). However, on 31st January 1978, 25 of 
the Curlews on Central Bank were displaced by the gulls to feeding sites close to the 
East-West Reclamation Wall and in the adjacent Central Channel. The presence of 
the gulls caused more considerable redistribution of the Curlews on the Central Bank 
on the ebb and flood tides. During these periods the area of available mud was 
smaller than at Low Water, and Curlews on Central Bank were forced to move to 
the unoccupied liquid mud near the East-West Reclamation Wall, e.g. on 31.1.78, 
15. 1. 78 and 22.1.78. They fed here in numbers only whilst the huge gull flocks 
were present on Seal Sands. 
2. D. THE USE OF S E A L SANDS BY BAR-TAILED GODWITS 
2. D. 1. Seasonal Changes in Numbers Feeding 
The seasonal changes in Low Water numbers of Godwits on Seal Sands 
(Fig. 2.20) resemble those shown by Grey Plovers. Small numbers of non-
breeding Godwits were present on the estuary throughout the summer of 1977. 
The autumn arrival of Godwits on Seal Sands began in August and reached a peak in 
September or October, when approximately 60 birds were present at Low Water 
in both years. Although the autumn peak in 1976/77 appears to have occurred one 
month later, the data are incomplete for that autumn. 
1976-77 
300 
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Figure 2. 20 Counts of Bar-tailed Godwits in the winters of 1976/77 and 
1977/78 on Seal Sands at Low Water ( - © - ) and on the north 
side of the Tees estuary at High Water ( A ). Also shown 
are the "Birds of Estuaries" counts ( A ) . 
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Following the autumn peaks, there was a decrease in the Seal Sands 
population, particularly in 1976, before numbers increased to the winter 
maximum in mid-January. The peak Low Water counts occurred on similar 
dates, 16th January 1977 and 22nd January 1978. However for the two winters, 
the first Low Water count of at least 100 Godwit was reached on 6th January 
in winter 1976/77 but on 14th December in 1977/78. Thus the changes in 
Godwit numbers on Seal Sands in both autumn and winter appear to have taken 
place 3 - 4 weeks earlier in 1977/78 than in the preceding winter.* 
The 1977/78 increase appeared to consist of two separate influxes, 
one in early December and one in mid-January. The second of these coincided 
with the beginning of the very cold spell of weather, as did the later stages 
of the mid winter influx in 1976/77. Like the Grey Plovers, Godwits arriving 
during cold weather may have been forced off less suitable wintering grounds, 
or be pausing on their spring migration north to their arctic breeding grounds. 
In both years Low Water numbers fell rapidly during February and 
March, and by late April most Godwits had left Seal Sands. Because the 
build-up in winter 1977/78 occurred one month earlier, the total use made of 
Seal Sands by Godwits was nearly 20 per cent greater in winter 1977/78 than in 
the previous winter (bird-days between November-March inclusive 2,900 in 
1976/77, and 3,550 in 1977/78). (The marked variation between Low Water 
counts from January to March 1978 will be discussed later.) 
Counts made of Godwits at High Water roost sites show general agreement 
with the changes in Low Water counts. However, as the Godwits frequently 
roosted on inaccessible sites, especially in 1977/78, High Water counts may be 
underestimates of the numbers present on the estuary. Nevertheless, a swift 
passage of Godwits in August, not detected in the Low Water counts, is revealed 
* The differences between the two winters could have been due to conditions at 
the noint of denarture. 
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by High Water counts made by myself and the Birds of Estuaries Survey. 
Also the High Water counts indicate that the mid winter numbers increased 
at least 3 weeks earl ier on the estuary as a whole than on Seal Sands itself, 
although the increase in 1977 st i l l began approximately one month before 
that in 1976. fii contrast to the Low Water counts, there is no evidence 
of 2 separate influxes in the 1977/78 High Water Counts. 
There was no sign of a drop in numbers roosting at High Water 
around the estuary following the autumn peak in numbers feeding on Seal 
Sands (at Low Water) in either winter, so the Low Water decrease must 
have been due to a redistribution of the Godwits on the estuary in October 
and November. Similarly , during the mid winter increases and the 1976/77 
mid winter peak it appears that up to 80 - 90 Godwits must have fed elsewhere 
on the estuary or coast at Low Water. Up to 30 Godwits may have fed on 
Seal Sands beyond the micNKdewall, particularly in 1976/77, and therefore 
been invisible from the normal observation points. Occasional checks 
revealed numbers rarely above 20 and usually below 10, so at least 50 Godwits 
(and probably 60 - 70) must have used feeding areas other than Seal Sands. 
Other feeding grounds known to be used by Godwits at Low Water are Bran 
Sands and the coastal sands south of the r iver mouth. Regular Low Water 
counts were not conducted on these sites, but observations by D. M. Brearey 
in 1977/78 suggest that Bran Sands was used by no more than 15 Godwits at 
Low Water until late January (Table 2.9). Probably no more than 20 birds 
fed on the coastal sands at Low Water during the winter. Therefore from 
October 1977 to late January 1978 up to 50 Godwits must have fed on unknown 
sites at Low Water. 
Table 2.9 
Low Water counts of Bar-tai led Godwits 
on Bran Sands during the 1977/78 winter 
Month Oct Nov Dec Jan Feb 
Counts 0 0 8 0 16 
0 8 106 183 
0 24 0 
(Data from D. M. Brearey , pers . comm.) 
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From the end of January until March 1978, many more Godwits fed 
on Bran Sands, up to 183 being present at Low Water (Table 2. 9). Numbers on 
Bran Sands varied markedly (0 - 183) even between successive days: 
7 th February 1978, 6 1 / 2 hours after High Water 16 Godwit 
8th February 1978, 6 1 / 2 hours after High Water 183 Godwit 
During this period the number of Godwits on Seal Sands at Low Water became 
more variable (see Fig . 2. 20). Also the Godwits were more restless when 
on Seal Sands. On< one occasion disturbance from a helicopter at Low Water 
caused the whole flock (over 150 birds) to fly across the r iver towards Bran 
Sands. On two occasions during this period, the Seal Sands Low Water counts 
coincided with counts made at Low Water on Bran Sands: 
11th February 1978 Seal Sands 170, Bran Sands 0 
9th March 1978 Seal Sands 8, Bran Sands 146 
Clearly the same birds are using Seal Sands or Bran Sands at Low Water 
on different days. Thus it seems that Seal Sands was only marginally more 
profitable than Bran Sands as a feeding ground during early 1978. The 
Godwits made frequent use of both areas, and sometimes commuted between 
the two during a tidal cycle. 
The B . C% E . counts for 1976/77 show general agreement with my High 
Water counts. The count for February 1977 which exceeded my High Water 
roost counts for that month may indicate a passage of Godwits through Teesmouth. 
The counts for 1977/78 rare ly included the Godwit roost on the islands in 
the Tees and were usually considerable under-estimates of the true population 
on the estuary. 
Despite the great variability between B . O. E . counts for previous 
years , a peak in January/February can be discerned in 5 of the past 6 winters. 
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Therefore the Godwits may be following the same pattern as the Grey Plovers , 
regularly using the Tees as a refuelling station on their northward migration 
each spring. 
2„ D. 2. a. The distribution of birds on Seal Sands at Low Water 
Typical examples of the Low Water distribution of Godwits on Seal 
Sands are shown in Fig . 2.21. As the distribution in the two winters 1976/77 
and 1977/78 is very different, each winter wi l l be discussed separately. 
Variations in the dispersion within a winter and during a tidal cycle wil l be 
discussed in later sections. 
(i) Winter 1976/77 - Central Bank (x = 39.6; see Table 2.10) and 
Eastern Channel (x = 23. 9) were the main feeding areas for the Godwits (Fig . 2.22), 
together holding over 80 per cent of the total Seal Sands population at Low Water. 
On both areas the birds fed on the more northern parts, avoiding the liquid 
mud near the Reclamation Wall. Very few Godwits fed on the other areas of 
Seal Sands. 
(ii) Winter 1977/78 - The Low Water dispersion of Godwits in 1977/78 
was more variable than in the previous whiter (see F ig . 2.21), so it is more 
difficult to discern a pattern of use. The use of Central Bank was s imi lar in 
1977/78 (x = 34. 5) to that in 1976/77. However very few Godwits fed on Eastern 
Channel in 1977/78 (x = 3.1). This eastern side of Seal Sands was virtually 
unused by Godwits at Low Water as those present on Central Bank were confined 
mainly to the middle (x = 15.2) and western (x = 19. 8) sections, avoiding the 
eastern side (Central Bank - eastern, including Eastern Channel, x = 5.1). 
Many more Godwits fed on Central Channel (x = 31. 9), and Greenabella 
Bank (x = 23. 8) in 1977/78. On both areas they fed mainly at the tide edge, with 
the Curlews, but areas of liquid mud were also used, particularly on Central 
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Figure 2. 21 Typical examples for each month of the distribution 
of Bar-ta i led Godwits between the different areas of 
Seal Sands at Low Water, in two winters. The counts 
for each area are shown as percentages of the total 
present on Seal Sands on that day. 
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Table 2.10 
Counts at Low Water of Bar-ta i led Godwits on 
Seal Sands in the months October to March 
Mean as a 
percentage 
Number Standard Coefficient of the Seal 
1976/77 of counts Mean Deviation of variation Sands total 
Seal Sands total 12 73.8 52.1 0.71 100.0% 
Central Bank 12 39.6 31.3 0.79 53.7/. 
Eastern Channel 17 23.9 20.3 0.85 32. 47. 
Scalloped Mud 12 7.5 8.4 1. 12 10. 21 
Greenabella Bank 12 2.1 3.8 1.82 2.8% 
Central Channel 15 6.1 7.5 1.23 8.37. 
1977/78 
Seal Sands total 15 97.6 66.7 0.68 100. 07. 
Central Bank total 14 34.5 33.2 0.96 35.37. 
Eastern Channel 17 3.1 4.4 1.42 3.2Z 
Central Bank - eastern 14 5.1 7.8 1.54 5.22 
Central Bank - middle 13 15.2 20.8 1.37 15.67. 
Central Bank - western 13 19.8 15.7 0.79 20. 3Z 
Scalloped Mud 15 9.7 19.1 1.97 9.9Z 
Greenabella Bank 16 23.8 21.2 0.89 24.4/: 
Cemtral Channel 14 31.9 31.5 0.99 32.72 
1976-77 1977-78 
The main feeding areas used by Bar-tai led Godwits on 
Seal Sands at Low Water, in the winters of 1976/77 and 
1977/78. 
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Channel (Fig. 2. 22). As in 1976/77, Scalloped Mud held about 10 per cent of 
the population (x = 9.7). 
Differences in distribution between spring and neap tides 
1976/77 - More Godwits fed on Eastern Channel on spring tides, 
whereas the other main feeding area, Central Bank, held an approximately 
constant proportion of the population ( R a 2.2.2.^). It is not known why 
Eastern Channel was preferred on spring Low Waters as there is no difference 
in area exposed compared with neaps. 
1977/78 - The few comparable counts available (R^. 2 ) reveal 
the expected pattern - Godwits fed particularly on Greenabella Bank and 
Central Channel (on the lowest areas) on springs, and on Central Bank and 
Scalloped Mud on neaps when the lowest mud along Seaton Channel was not 
available. 
2. D. 2. b. Seasonal changes in the Low Water distribution 
Although the seasonal changes in numbers of Godwits and Grey Plovers 
feeding on Seal Sands at Low Water are s imi lar , the Godwit counts do not 
provide evidence of the filling of optimal feeding areas as detected in the 
Grey Plover counts. Indeed counts for all areas are very variable (c. v. > 0.75 
see Table 2.10). 
(i) Winter 1976/77 (Fig. 2. 23) - The changes in numbers on Central Bank 
parallelled those for the whole of Seal Sands, (except for one count in January 
during extreme weather conditions), so Central Bank held a constant proportion 
of the total on Seal Sands throughout the winter at all population densities. 
The use of Eastern Channel was also related to the total number present 
on Seal Sands. However no autumn peak in numbers occurred in October-November, 
and the peak in February was reached after that on Central Bank and Seal Sands 
F i ^ . 2.22a: Dif ferences in the d is t r ibut ion of B a r - t a i l e d Godwits 
on Seal Sands on sp r ing and neap t ides. 
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Figure 2. 23 Seasonal changes in the number of Bar-ta i led Godwits 
feeding on the different areas of Seal Sands at Low 
Water during the winter of 1976/77. 
83 
as a whole. The spring decrease matched that of the Seal Sands total. 
Very few Godwits fed on Scalloped Mud at Low Water except during the 
mid winter peak in January and February. The increase in numbers on 
Scalloped Mud only occurred when the Seal Sands Low Water total exceeded 100. 
Thus Scalloped Mud seems to have been a sub-optimal area for Godwits, only 
used when the population density on Seal Sands was high. 
Use of Central Channel at Low Water was also confined to peaks in 
Seal Sands numbers. Godwits only fed on Central Channel when the total on 
Seal Sands exceeded about 50. However there were never more than 21 on 
Central Channel, and numbers varied considerably, so Central Channel also 
appears to have been a sub-optimal feeding site for Godwit in winter 1976/77. 
During the whole winter, numbers on GreenabeUa Bank at Low Water 
remained below 3 except for 2 counts in February-March. Thus Godwits 
seemed to avoid feeding on this mudflat even at high Seal Sands population 
densities. 
(ii) Winter 1977/78 (Fig . 2.24) - As in 1976/77, the Central Bank counts 
in general resemble those for the whole of Seal Sands. However, due to the 
extremely variable choice of feeding areas shown by the Godwits from 
December to March, the agreement is not as close as in the previous winter. 
Nevertheless a roughly constant proportion of the Godwits present on Seal Sands 
fed on Central Bank, whatever the total on Seal Sands. When feeding on Central 
Bank, the Godwits avoided the softest mud near the East-West Reclamation Wall. 
They also avoided the eastern side of Central Bank and Eastern Channel (Fig. 2. 25). 
These areas were only used during the peak in Seal Sands numbers (compare 
Fig . 2. 24 and 2. 25). Use of the middle section of Central Bank was also 
confined to the Seal Sands population peak in January-February, However during 
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Figure 2., 24 Seasonal changes in the number of Bar-ta i led Godwits 
feeding on the different areas of Seal Sands at Low 
Water during the winter of 1977/78. 
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Figure 2. 25 Low Water counts of Bar-tai led Godwits feeding on the 
three subdivisions of Central Bank - Eastern Channel 
(shown in Figure 2. 8) in the winter of 1977/7 8. 
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this time more Godwit fed here than on the eastern section, and the numbers 
remained fairly constant (except for the count on 12.1. 78, during extreme 
weather conditions - see below) (Fig. 2.25). In contrast Godwits fed on the 
western section of Central Bank at Low Water from September to February. 
The number present varied roughly in parallel with the counts for the whole of 
Central Bank, except that a ceiling was apparently reached when Seal Sands 
counts were at their highest, in January-February. Thus Godwits preferred to 
feed on the western side of Central Bank. When this was full they spread onto 
the middle section. When this was fi l led (in February 1978, Fig. 2.24) Godwits 
also fe d in numbers at Low Water on the eastern section. It is not known how 
the Godwits achieved apparent density regulation on Central Bank, for they 
were not spaced out across the available mudflat and apparently suitable areas 
were often devoid of Godwits. 
Scalloped Mud was an area favoured by Godwits in autumn, when changes 
in numbers matched those for the whole of Seal Sands. Subsequently it was not 
used at Low Water until the second midwinter influx in January. Numbers 
rare ly exceeded 20 during this period. So as in 1976/77, Scalloped Mud was a 
sub-optimal Low Water feeding area for Godwits for much of the winter, only 
being used at peak Seal Sands numbers. 
In marked contrast to winter 1976/77, Central Channel and Greenabella 
Bank together held over 50 per cent of the Seal Sands Low Water population in 
1977/78. Use of both areas was extremely variable. Central Channel was 
favoured by Godwits in October, but subsequently both areas were used at Low 
Water, although Central Channel continued to support more Godwits than 
Greenabella Bank. Changes in numbers on the two areas combined (Fig. 2.26) 
generally paralleled those on Seal Sands as a whole, but few Godwits fed on 
J A S O N D J F M A M 
Figure 2„26 The total number of Bar-ta i led Godwits feeding on 
Greenabella Bank and Central Channel at Low Water, 
in the 1977/78 winter. The Low Water counts for 
Greenabella Bank and Central Channel are combined. 
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Central Channel or Greenabella Bank during the autumn peak. L ike the 
Curlews, Godwits did not discriminate between the sides of Seaton Channel 
when feeding at Low Water, at least in the short-term. Hence the combined 
counts for Central Channel and Greenabella Bank show less variation than 
the counts for individual areas (Fig . 2.24 and 2.26, e.g. 27.10.77 versus 
10.11.77, 14. 12.77 versus 16.12.77, 9.2.78 versus 11.2.78). 
(iii) Conclusions - Godwits changed their Low Water feeding areas from 
Central Bank and Eastern Channel to Central Bank, Greenabella Bank and 
Central Channel between the two winters. No areas held a constant population 
through the winter. The favoured areas held numbers roughly in proportion 
with the total number on Seal Sands. The other areas were used only at 
times of high Seal Sands numbers. 
2. D. 3. Changes in Distribution during the Tidal Cycle 
Because the main feeding areas used by Godwits at Low Water were 
different in winter 1976/77 and winter 1977/78, the patterns of movement 
as the tide ebbed and flowed also differed. Therefore the changes in 
distribution during the tidal cycle for each winter wil l be discussed separately, 
(i) Winter 1976/77 (Fig. 2.27) - As the tide uncovered feeding areas 
along the Eastern Channel some Godwits fed at the tide edge amongst the 
Knot and Dunlin. Frequently they fed in water up to ~ 5 cm deep. This 
reduced disturbance from the other waders which only fed at the actual water's 
edge, and also enabled the Godwits to capture prey as yet unavailable to the 
Knot, Dunlin and Grey Plover. 
Godwits flew over to Central Bank as soon as it was exposed, and then 
followed the tide edge across the mudflat. As the area of exposed mud increased 
some Godwits stopped moving with the tide and began feeding on open mud. 
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Others continued northwards with the tide, moving onto the flat northern half 
of Central Bank and the top of Eastern Channel. Consequently the majority of 
the Godwits on Seal Sands were spread across Central Bank and Eastern 
Channel by the time of Low Water0 However a few Godwits moved north-westwards 
across Central Bank to feed in Central Channel, and others followed the tide 
across Scalloped Mud, 
On the flood tide, those Godwits that had completed their feeding moved 
to the sandy ridge on Central Bank where they washed and preened beside 
the Grey Plovers. The Godwits that were still feeding on the lower mudflats, 
i. e. Eastern Channel and northern part of Central Bank, remained there until 
pushed off by the incoming tide. They then fed at the tide edge, moving up 
the shore with the tide until the feeding areas were covered, 
(ii) Winter 1977/78 (Fig. 2.28) - During winter 1977/78 the patterns of 
movement shown by Godwits as the tide ebbed and flowed were similar to 
those of the Curlews because both species fed at/near the tide edge. 
As in 1976/77 some Godwits fed along the Eastern Channel when the 
first feeding areas were exposed, often wading in deeper water than the other 
waders. As soon as Central Bank was exposed, Godwits flew over and began 
feeding there. They followed the tide edge particularly north-westwards, 
and many then moved onto Central Channel as it appeared. Scalloped Mud 
was used less than Central Bank by Godwits, but again the tide was followed 
down. 
Unlike the Curlews, the Godwits did not fly over to Greenabella Bank 
immediately it became exposed, but continued feeding on Central Bank and in 
Central Channel until the lower parts of Greenabella Bank at the N. E . end were 
exposed. Then the Godwits distributed themselves on both sides of Seaton Channel 
at/near the tide edge (see Fig. 2. 22)„ 
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In contrast to the Curlews, few Godwits roosted at Low Water, but 
continued feeding on the lower areas of mud. As the tide covered Seal Sands, 
some Godwits joined the Curlew roosts on Scalloped Mud and especially 
Central Bank. Those that were still feeding moved up the shore with the 
tide, particularly in Central Channel and then onto Central Bank, Some 
Godwits remained until Seal Sands was covered, but others left when feeding 
areas were still available. 
These tidal patterns of use were modified by:-
(a) Weather - In cold weather Godwits showed similar behaviour to 
the Grey Plovers and Curlews, more birds beginning to feed earlier and 
moving onto Central Bank as soon as it was exposed, e.g. 15.1.78. 
Strong winds can decrease the foraging efficiency of shorebirds in 
several ways (Evans 1976). Onshore gales produce severe wave action 
that prevents Godwits from feeding at the tide edge (Evans and Smith 1975). 
In such conditions on Teesmouth on 12th January 1978, the movements of 
Godwits across Seal Sands as the tide ebbed were curtailed. Due to a 
N. E. gale blowing directly onto their main feeding areas on Central Channel 
and Greenabella Bank (see Fig. 2. 22), most of the Godwits remained on 
Central Bank through the Low Water period. Numbers on both Central Channel 
and Greenabella Bank dropped from around 60 - 80 to less than 20, whereas 
the count for Central Bank was the highest during the whole winter (Fig. 2.24). 
The Godwits fed particularly in the pools on the sandy mud in the southern part 
of Central Bank. Because of the considerable drying effect of the wind on the 
open mud (Evans and Smith 1975), prey availability would have been higher 
in the pools than on the mud. Nevertheless the rate of food intake of the Godwits 
was probably much lower than the rate at the tide edge in normal conditions. 
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(b) Season - The use of Bran Sands by Godwits during January - March 1978 
(see section 2. D. 1) was not confined to Low Water. Godwits fed on and moved 
to and from Bran Sands at all times during the period of exposure (e.g. Table 2.12), 
and on some days very few Godwits were present on Seal Sands throughout the 
tidal cycle. As one of the roosts favoured by Godwits during winter 1977/78 
was adjacent to Bran Sands, Godwits frequently flew over to Bran Sands to feed 
on the flood tide, before or after Seal Sands was covered, and then moved onto 
the roost at High Water. On some occasions Godwits also fed on Bran Sands 
on the following ebb tide, before flying over to feed on Seal Sands at Low Water. 
No counts for 1976/77 are available but feeding on Bran Sands is not a 
new behaviour confined to 1977/78 for 60 Godwits were seen feeding there on 
an ebb tide in October 1975. 
(c) Disturbance - The air traffic over Seal Sands was the main disturbance 
for Godwits, particularly in early 1978. The disturbance resulted in considerable 
redistribution between areas on Seal Sands and also between Seal Sands and 
Bran Sands, e.g. 13.1.78. disturbance at Low Water 
5 minutes later 35 Godwits on Seal Sands 
2 hours later 137 Godwits on Seal Sands 
At Low Water Godwits were little affected by the hugh flocks of gulls 
present on Seal Sands during January and February 1978, as the gulls remained 
upon the open mud of Central Bank, away from the tide edge. However on 
15th January 1978 the presence of the gulls on Central Bank as the tide ebbed 
forced the Godwits to feed with the Curlews on the liquid mud near to the 
East-West Reclamation Wall, an area normally avoided by Godwits. 
Table 2.12 
Movement of Godwits between Seal Sands 
and Bran Sands during a tidal cycle 
28.1.78. Numbers of Godwits on each site 
Hours after HSW, roost Seal Bran 
H. W. near Seal Sands Sands Sands 
2 210 0 0 
3-4 0 184 no count 
6-7 0 39 131 
8 0 3 159 
(Counts for Bran Sa nds from D. M. Brearey, pers. comm.) 
95 
SECTION 3 
DISTRIBUTION - INDIVIDUALS 
PART I. THE USE OF TEESMOUTH AS A WINTERING SITE 
3.1. A, METHODS OF CAPTURING AND MARKING 
Grey Plovers, Curlews and Godwlts were captured, marked with dye 
and individual combinations of colour rings, and then released. The feeding 
behaviour of individual birds could then be followed over long periods. 
3. I . A . I . Capturing 
Birds were captured mainly with cannon nets, although mist nets and 
clap nets were also used. Almost all birds were caught at High Water when 
the number of sites used by roosting birds was limited. Attempts to catch birds 
on Seal Sands at Low Water were unsuccessful due to the large area of mudflat 
available to them, in relation to the size of the catching nets. 
As most birds were caught at High Water roost sites, there was no 
direct selection for individuals feeding in particular sites - a problem inherent 
in catching at Low Water. I had hoped to ring a representative sample of the 
age and sex classes within the Teesmouth population of each species, but this 
proved impossible due to the difficulties in catching these shorebirds. Catches 
were infrequent, only 10 birds being ringed:in the first winter, 1975/76, and 
opportunistic. As 75 per cent of the birds colour-ringed in this study were 
caught in 3 cannon net catches, they may be a biased sample of the total 
population on the estuary, in terms of age and moult. Pienkowski and Dick 
(1976) have shown that cannon netting results in preferential capture of adults 
in wing moult over juveniles and non-moulting adults, and suggested that waders 
in roosting flocks tend to segregate into groups differing in age and/or state 
of moult. It is also possible that birds from particular feeding sites group 
n on-randomly within roosting flocks. 
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Thus, although individuals of different age, sex and state of moult were 
colour-ringed, the age composition and moult stages of the samples may not 
be representative of the population. 
3.1. A. 2. Marking 
(a) Rings - Individual birds were marked with a unique combination of 
colour rings on the legs. Each Grey Plover was given 3 colour rings, 1 on 
the left tarso-metatarsus, and 2 on the right. As Grey Plovers rarely feed 
in liquid mud or water, these rings were usually visible. However both Curlews 
and Godwits spend much of their time wading in liquid mud and water, thus 
covering rings placed on the tarso-metatarsus. Therefore nearly all Curlews 
and Godwits were given 3 additional colour rings above the "knee" joint 
(i. e. on the tibio-tarsus), repeating the combination below. These additional 
rings were less easy than the lower set to detect on roosting birds due to their 
proximity to the feathers, but permitted identification of birds wading in liquid 
mud or water. 
Colour ringing was an effective method of marking for long-term 
observations. No birds lost their rings during the study, and the colours were 
easily identifiable on birds three years after ringing. 
(b) Dyes - In addition to the colour rings on the legs, some birds of each 
species were dyed with Picric Acid (yellow) and/or Rhodamine B (bright pink) 
on the rump, tail and/or underbelly. The dye solution used to mark the birds 
comprised 1 per cent dye (dissolved in acetic acid), 59 per cent distilled water 
and 40 per cent ethanol, (as suggested by M. C. Perry, 1974, unpubli shed report). 
This was applied to the feathers with a paintbrush or cloth. After dyeing, the 
birds were placed in holding boxes until dry, and then released. 
Although dyeing did not provide individual identification, it facilitated 
location of colour-ringed birds. Dyed birds were very obvious both on the ground 
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and in flight, even at long distances, so the feeding sites and movements of 
newly-marked individuals could be determined quite rapidly. Much longer 
periods of searching were required to find some ringed but un-dyed birds. 
As Picric Acid is a permanent dye, dyed birds can be followed throughout 
a winter provided they retain the same plumage. However waders moult their 
body feathers twice a year, in spring and in autumn, so dyeing is an effective 
long-term marking technique only if applied just after a moult. As birds were 
captured through the winter and not just after moults, dyeing was mainly a 
short-term aid used in the initial determination of a bird's foraging movements, 
(c) Problems in identification of marked birds - In reasonable light it 
was possible to identify most colour-ringed birds on firm open mud up to 
400 m away. However this distance decreased to 200 m or less in mist, 
bad light, and heavy precipitation. Occasionally problems were caused by 
confusion between colours, or when the rings were obscured by mud adhering 
to them. Birds standing in creeks or liquid mud or water could only be 
identified when an upper set of colour rings was present and visible. 
Similarly, birds dyed with Picric Acid could be located up to 800 m 
away in good light, but poor visibility reduced this distance markedly, fii 
addition, the orangey hue produced by the low winter sun sometimes made it 
impossible to determine whether or not a distant bird was dyed. 
When it was not possible to make a definite identification, no data were 
collected from that bird. However some individuals could be identified 
confidently even though some colour rings were obscured. Some birds regularly 
fed in a particular site, followed similar paths when foraging, and washed in 
the same ponds, each time they were observed. A few also showed characteristic 
plumage features, e.g. white wing coverts. Certain individuals in specific 
sites and with characteristic behaviour could therefore be identified even in 
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poor conditions. It should be stressed that this technique was used only when 
identification was absolutely definite, and that regular checks on the full 
ring combinations of such birds were made at other times. 
3.1. B. THE USE OF TEESMOUTH AS A WINTERING SITE 
BY INDIVIDUAL GREY PLOVERS 
3.1. B. 1. Numbers individually marked 
During the 3 winters of the project, 44 Grey Plovers were caught 
(42 with cannon nets) and colour-ringed. Of these, 35 were also dyed. Most 
Grey Plovers were caught in the winter of 1976/77, particularly in one large 
catch of 26 in February 1977. 
Approximately equal numbers of juveniles and adults were captured 
over the 3 winters. However there was seasonal variation in the composition 
of the catch (Table 3.1). In October more juveniles were caught, but adults 
predominated in subsequent catches until February when juveniles and adults 
were caught in similar numbers. None of the Grey Plovers were in wing 
moult when captured. As the sexes are identical in Grey Plovers it is not 
possible to determine whether the proportion of males to females changed 
during a winter. 
3.1. B. 2. Fidelity to Teesmouth in successive winters 
Each winter, checks were made at about weekly intervals for the 
presence of colour-marked birds. Fidelity to Teesmouth in successive winters 
was studied in 43 marked Grey Plovers, as one of the colour-ringed individuals 
is known to have died during the winter in which it was ringed, Twenty-one 
(49 per cent) of the 43 surviving birds were seen on the estuary in the first 
winter following ringing (Table 3.2). Fourteen of these returning individuals 
were ringed early in the study (in winters 1975/76 and 1976/77) and therefore 
provide data for return rates in subsequent winters (Table 3. 3; sightings for 
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Table 3.1 
The ages of Grey Plovers captured 
during the three winters of the study 
1975/76 
O N 
5A* 
F 
l j 
Totals 
of each 
age class 
1J 
5A 
Grand 
totals 
1976/77 
1A 
13J 
13A 
13J 
14A 27 
1977/78 4J U 
1A 2A 3A** 
5J 
6A 11 
19J 
25A 44 
Key: J = Juvenile 
A = Adult 
* 3 of birds caught in December 1975 are 
"suspected adults" as ageing uncertain. 
** Catch comprised 5 adults (2 retraps). 
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Table 3.2 
The return of colour-ringed Grey Plovers to Teesmouth 
in anhaeauent winters in relation to the month of capture 
1 #7 5/7 6 ringed 
1976/77 returned 
1977/78 returned 
1978/79 returned 
Oct Nov Dec Jan Feb 
5 - 1 
5 - 0 
3 - 0 
3 - 1 
Totals 
6 
5 
3 
4 
1976/77 ringed 
1977/78 returned 
1978/79 returned 
1 
0 
0 
26 
9 
17 
27 
9 
17 
1977/78 ringed 
1978/79 returned 
4* 3 
2* 3 
3 
2 
10 
7 
* One bird found dead soon after capture excluded from analysis. 
Data for 1978/79 supplied by P. J . Dug an (pers. comm.). 
TOT 
Table 3.3 
The fidelity of individually marked Grey Plovers to 
Teesmouth in successive winters after ringing 
Patterns of return to Teesmouth No. of marked Grey Plovers 
shown by individual Grey Plovers showing each pattern 
1975/76 1976/77 1977/78 1978/79 
6 ringed 
R J J J 3 
R J J X 0 
R J X X 2 
R x x y 1 
27 ringed 
R J J 9 
R J X 0 
R X y 8 
R X X 10 
R = winter in which bird colour-ringed. 
J = returned to Teesmouth in this winter. 
X = not seen on Teesmouth in this winter. 
» 5 AUG 1982 
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1978/79 from P. J . Dugan, pers. comm.). Their return rate between the 
first and second winter following ringing was 86 per cent (12 birds), and that 
between the second and third winter was 100 per cent (3 birds). 
Birds caught in different months showed different degrees of fidelity 
to Teesmouth in successive winters. Those captured during October-December 
showed a high rate of return (83 per cent) in the first winter following capture 
(Table 3, 2), and some have continued to return in every subsequent winter. 
Only 37 per cent of the Grey Plovers caught in February returned in the first 
winter after ringing. These individuals showed a 100 per cent return between 
the first and second winters, so their behaviour resembled that of the birds 
caught in October-December. More variable behaviour was shown by the 
19 Grey Plovers caught in February that were not seen on Teesmouth in the 
first winter after ringing. Nine of them reappeared on the estuary in the 
second or third winter after ringing. Their return to Teesmouth after an 
absence of more than one year may have been related to the weather, as 4 of 
them appeared during the extremely cold conditions of January 1979. 
The difference in behaviour observed between individuals captured 
in February is a function of age, juveniles showing a much lower rate of return 
in the winter following capture than adults (Table 3. 4). Overall, 68 per cent 
of the adults but only 22 per cent of the juveniles returned to Teesmouth in the 
winter after being ringed. 
Mortality rates are difficult to determine from the available data as not 
all surviving birds were seen each winter. However, minimum survival rates 
(i. e. survival and return) can be calculated. That for juveniles (56 per cent 
per annum) is clearly lower than that for adults (87 per cent). The maximum rate 
of adult mortality (13 per cent) is therefore considerably lower than the 34 - 42 per 
cent calculated by Boyd (1962) for other British species of plover. 
Table 3.4 
The effect of age at capture upon the return 
rates of marked Grey Plovers 
Age when caught Juvenile 
Month of capture O N D J F O 
Number caught 3 1 - - 14 1 
Number that returned in 
Table 3.5 
The month of arrival of marked Grey Plovers 
Month of arrival A S O N D J 
No. arriving 1976/77 - 2 - 2 1 
No. arriving 1977/78 2 1 3 1 3 
No arriving 1978/79 4 2 3 2 7 9 
Data for 1978/79 from P. J . Dug an (pers. comm.) 
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3.1. B. 3. Period of stay on the estuary during a winter 
All observations of marked Grey Plovers seen during the period August -
May were recorded, so for each individual it is possible to determine the first 
day it was observed (termed the arrival date), the last day seen (termed the 
departure date), and whether or not the individual was present throughout the 
winter. Most marked Grey Plovers were seen at least 3 times per month 
when present on the estuary, and some up to 8 times (see Appendix Z). Also 
many birds fed in the same site for several weeks or months so regular 
checks could be made for particular individuals. Therefore the true dates of 
arrival of individuals probably do not differ from the dates of first sighting by 
more than a week. True departure dates in late March or early April are less 
reliably estimated as observations were made less frequently at that time. (This 
is taken into account in the interpretation of the data on departures.) 
Of course it is not always possible to distinguish between true departures 
from the estuary and death. However as only one colour-ringed Grey Plover 
was found dead on the estuary, all except one of the other ringed birds were 
seen alive after ringing, and several individuals reappeared on Teesmouth after 
an absence of more than one year, it is presumed that the last day seen does 
relate to true departure from the estuary and not to death. 
Arrival dates - Data are available for 5 marked Grey Plovers in winter 1976/77 
and for 12 in 1977/78 (Table 3. 5). P. J . Dugan has kindly supplied tlje arrival 
dates for these individuals during winter 1978/79 to permit further comparison 
between years. Arrival dates ranged from 16th August to 16th February, and 
were spread evenly through the winter. Thus the arrival of Grey Plovers on 
Teesmouth was not confined to the periods of marked population increase shown 
in Fig. 2. 3. (The large number of arrivals in December - January, winter 1978/79, 
may have been correlated with the severe weather at that time.) 
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Individuals showed marked consistency between years. Twelve marked 
Grey Plovers returned for 2 or more winters, and each had a similar arrival date 
each year (Appendix 3). In no case did the arrival dates for an individual differ 
between years by more than 35 days, and 9 birds returned on a date within 
2 weeks of their arrival in the previous year (Table 3. 6). 
Little information is available on the influence of age upon arrival date. 
The 2 second winter birds which returned to Teesmouth showed no clear difference 
in arrival dates between years. As no juveniles were ringed until after their 
arrival on Teesmouth, no arrival dates can be obtained for birds in their first 
winter. 
Departure dates - Although Grey Plovers continued to arrive at Teesmouth 
through the winter, emigration was generally confined to the period February -
April, with most birds leaving during March (Table 3. 7). Last sighting dates 
of adult Grey Plovers were very similar in successive springs (Table 3.8). 
Considering the data up to winter 1977/78, in 16 of the 17 cases there was a 
difference of no more than 4 weeks, with 12 differing by no more than 14 days. 
The only bird which differed substantially from this pattern was not seen 
subsequently, so it may have died rather than emigrated. 
The departure dates given for 1978/79 are considered less accurate 
estimates of the true dates of departure from the estuary as many more 
colour-ringed birds were being observed during this winter (P. J . Dugan, 
pers. comm.). Nevertheless, there is good agreement between years for 
individual birds even if they are not present on the estuary every winter (e.g. Y W/R, 
Y G/O, Y Y / Y ) . However, one bird (L W/R) appeared to show a major change 
in behaviour, leaving in February (the month it was ringed) in one 
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Table 3.6 
Frequency distribution of the differences in the dates of first 
sighting of individual Grey Plovers in successive winters 
No. of days between arrival dates in successive winters 
0-7 8-14 15-21 22-28 29-35 
1976/77 - 1977/78 
1977/78 - 1978/79 
0 0 0 
12 
15 
Data for 1978/79 from P. J . Dugan (pers. comm.) 
Details of arrival dates set out in Appendix 3. 
Table 3.7 
The month of departure of marked Grey Plovers 
Month of departure S 0 N D J 
No. departing 75/76 - - - - -
No. departing 76/77 1 
No. departing 77/78 1 2 
No. departing 78/79 1 1 1 - 3 
Data for 1978/79 from P„ J . Dugan (pers. comm.) 
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Table 3.8 
Frequency distribution of the differences in the dates of last 
sighting of individual Grey Plovers in successive winters 
No. of days between departure dates in successive winters 
0-7 8-14 15-21 22-28 29-35 36-42 >42 
1975/76 - 1976/77 0 2 1 1 0 0 1 5 
1976/77 - 1977/78 7 3 1 1 0 0 0 12 
1977/78 - 1978/79 5 2 4 1 2 2 2 18 
12 7 6 3 2 2 3 35 
Data for 1978/79 from P. J . Dugan (pers. comm.). 
Details of departure dates set out in Appendix 3. 
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winter, but staying only briefly in September two winters later. 
Individual Grey Plovers tended to emigrate from Teesmouth later 
when juvenile than in subsequent years (e.g. Y L / R , L W / L , see Appendix 3), 
However there was no difference in the mean spring departure date for 
juveniles and adults, at least for spring 1977 (juveniles x = 17th March, 
S.D. =23. 2 days; adults x = 7th March, S. D. =15.9; t = 1.41, P > 0.10). 
Therefore juveniles and adults must have shown a similar range of departure 
dates in spring and any differences are only detectable at the individual level. 
A few Grey Plovers disappeared from Teesmouth in autumn (Table 3.7). 
In total 6 individuals were involved, 3 adults and 3 juveniles. Only 2 (1 adult L W/R, 
1 Juvenile Y O/O) were seen subsequently; it is not possible to tell whether the 
others emigrated, or died. The juvenile Y O/O returned the following autumn, 
and it again left the estuary before mid-winter (Appendix 3), so it is not clear 
whether the differences in behaviour observed in autumn are due to differences 
in age or to variation between individuals. 
Length of stay - As Grey Plovers arrived throughout the winter but left mainly 
in March, the lengths of stay for individual birds varied considerably (Fig. 3.1 
and 3. 2). Almost all marked adult birds remained on the estuary after their 
arrival until the time of the spring emigration. Therefore those that reached 
Teesmouth in August (B W/G, L W/L) stayed for over 200 days, whereas birds 
not arriving until February (O L / O , O R/W) were present for less than 50 days. 
The consistency between years shown by individual birds (Fig. 3. 1) is a 
consequence of their regular arrival and departure dates, described earlier. 
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Figure 3.1 The length of stay on the Tees estuary of individually 
marked Grey Plovers in successive winters. Written 
in each bar is the number of days the individual was 
known to be present on the estuary. (Data for 1978/79 
supplied by P. J . Dugan, pers. comm.) 
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Figure 3. 2 The length of stay on the Tees estuary of individually 
marked Grey Plovers seen for only one complete 
winter. Written in each bar is the number of days 
the individual was known to be present on the estuary. 
(Data for 1978/79 supplied by P. J . Dugan, pers. comm.) 
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The lengths of stay for the 4 known second-winter marked Grey Plovers 
showed no consistent clear-cut differences from those of the adults. 
Birds captured during a winter provide further information even though 
the full period of stay on the estuary cannot be determined. All adults caught 
before February remained on the estuary until the February - April emigration 
period, whereas the juveniles captured in October left the estuary within a month. 
One of the latter birds (Y L/G) reappeared in February, 80 days after it had 
last been seen. It then remained on the estuary until April. This is the only 
proof to date of a Grey Plover of any age leaving the estuary and returning, 
during a single winter. 
3.1. B. 4. Hypothesis for the use of Teesmouth by Grey Plovers (Fig. 3. 3) 
The sightings of marked Grey Plovers described above can be combined 
with counts of Grey Plovers on the estuary (Section 2.B. 1 and Fig. 2. 3) to 
produce a more detailed hypothesis for the use of Teesmouth by Grey Plovers. 
I have referred to the arrival and departure of marked birds at Teesmouth as a 
whole rather than Seal Sands because I have used all the sightings of ringed birds, 
whether on the mudflats or the roost. Therefore I shall interpret the seasonal 
changes in High Water counts in the light of the data on individual birds. As 
the majority of Grey Plovers present on the estuary fed on Seal Sands, the 
pattern for Seal Sands would be similar to that described below. 
The increase in numbers from July to September was due mainly to the 
arrival of adult birds in full summer plumage. Some first and second winter 
birds were also present. At least some of the adults (e. g. B W/G) and second 
winter birds (e. g. L W/L) remained on the estuary throughout the winter, although 
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J 
J 
A A 
M J 0 N 
Figure 3. 3 A generalised pattern for the use of the Tees estuary 
during a winter by adult (A) and juvenile (J) Grey Plovers. 
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other adults ( L W/R) may have been on passage as they were present 
for less than 2 weeks. 
The peak in October caused by the arrival of many juveniles and also 
some second winter birds (e. g. Y O/O, 1978/79) was followed by a decrease in 
numbers in late October and November as the juveniles (e.g. R W/R, Y L / G , 
Y N/W, Y O/O, 1977/78), some second winter birds (e.g. Y O/O, 1978/79) and 
some adults (e. g. O R / L , 1978/79) left the estuary. The October 1976 
peak was much larger presumably because more passage juveniles arrived at 
Teesmouth and/or that they stayed longer than in autumn 1977. The departure 
of the juveniles etc, coincided with the arrival of more adults at Teesmouth 
(e. g. W R / O , B W/O, Y O/R, Y R / L ) and these adults also stayed until spring. 
On arrival one of these adults (W R/O) spent some time evicting a juvenile 
from a feeding site on Seal Sands. Therefore some of the juveniles (and perhaps 
also the older birds, e. g, O R / L ) may have left because they had been displaced 
from the better feeding areas by the newly arrived adults. However not all 
juveniles were forced out, as some fed in sites that adult Grey Plovers rarely 
used but still left the estuary in autumn. 
In the winters 1976/77 and 1977/78 numbers were more or less constant 
by December, with no more marked birds appearing until the end of the month 
(Y L / R , adult). Very few juveniles were present on the estuary. In the 
winter of 1978/79 Grey Plovers apparently arrived throughout December 
(P. J . Dugan, pers. comm.). It is not known whether this was a consequence 
of the severe weather in that winter. 
The large increase in numbers during January was due at least in part 
to the arrival of adults (e. g. L O/W, O W/O, Y L/O) . By the time the numbers 
had reached a peak in February, many juveniles were also present. Adults 
continued to arrive in February (e.g. O L / O , O R / W ) , and one juvenile (Y L/G) 
* [ 
I Kant bvc&s " k C u ^ V**i«_ duoA rtx^War x%\AT. u*^a^Qu^. 
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that had disappeared in autumn reappeared on Seal Sands. This influx of Grey 
Plovers included individuals, particularly amongst the juveniles, that did not 
return during the following winter. Therefore they are unlikely to be birds 
from local sub-optimal habitats (e. g. coast) moving into the estuary during the 
coldest conditions of the winter. Such local birds would be expected to repeat 
this movement each winter. Instead they could be birds pausing on their northward 
migration. If these migrants only pause when the weather is bad (and the 
January - February increases coincided with the coldest conditions of the 
winter in both 1976/77 and 1977/78), then different individuals will pause on 
Teesmouth in successive winters if the coldest weather occurs at a different 
time. La support of this, it is interesting to note that several Grey Plovers 
(e.g. Y G/O, L O/G, O O/O) not seen during winter 1977/78 were present in 
both 1976/77 and 1978/79, and the coldest conditions in these 2 winters occurred 
earlier than those in 1977/78. 
In the second half of February numbers began to fall rapidly as both 
adults (e.g. 1977: L L / G , O R/W, Y R/W, Y N / O ) and juveniles (e.g. 1977: 
L R/W, L W/R, L Y/N) left. Emigration of the rest of the Grey Plovers 
occurred in March and early April in both years. A few juveniles (e. g. L W / L , Y L / R | 
remained on the estuary. These were joined by adults in breeding plumage on 
passage, before all departed in May. 
The consistency in arrival and departure dates for ringed individuals, 
which return to Teesmouth each winter, indicates that this pattern of use is 
likely to be similar each year. 
This hypothesis for the use of Teesmouth by Grey Plovers is based upon 
and limited to observations on the 44 birds ringed during my study. As it is 
rarely possible to age Grey Plovers in the field, further data on the age 
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composition of the population can only be obtained by watching many more 
marked birds. This work is now in progress (P. J . Dugan, pers. comm.). 
3.1. C. THE USE OF TEESMOUTH AS A WINTERING SITE 
BY INDIVIDUAL CURLEWS 
3.1. C. 1. Numbers individually marked 
A total of 82 Curlews were colour-ringed during the study, 72 also 
being dyed with Picric Acid. Cannon-netting was the main method of capture 
producing two large catches, in March (34 Curlews) and in August (38). 
Although I wished to mark equal numbers of adults and juveniles, and 
males and females to determine differences in their feeding behaviours, this 
was not possible due to the difficulties in capturing the birds. Many more 
adults than juveniles were captured over the 3 winters (66 adults, 8 juveniles, 
8 birds not aged). Juveniles constituted ~ 20 per cent of the catch in March, 
but none were caught in August (Table 3. 9). All the adults caught in August 
were in wing moult. 
Curlews are sexually dimorphic, the females being larger (e. g. Witherby 
et al. 1945, Bannerman 1961). The most clear-cut proportional difference 
between males and females is in the length of the bill. Estimates of the bill 
length (the chord from bill tip to feathers) dividing males from females vary 
(Prater et al. 1977, Elphick 1979, Bainbridge and Minton in preparation) 
depending in part upon the geographical origin of the birds. Therefore I have 
used bill lengths from my catches together with measurements from 14 skins 
of birds of known sex collected at Teesmouth to estimate the division between 
males and females for the Teesmouth population. All male skins had bills 
less than 126 mm (6 birds, range 103-125 mm) and all females greater than 
132 mm (8 birds, range 133-156 mm). The measurements of adult Curlews 
captured for ringing show a division around 120-130 mm bill length 
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Table 3.9 
The ages of Curlews captured 
during the three winters of the study 
A S O N 
1975/76 - -
1976/77 - 1A I F 
U 
1977/78 38A 2F 
D J F M Totals 
4F 4 
I F 27A 
7J 38 
40 
F = Full-grown C^** oxyA - be. '^vwetviU. or- aiuX^C) Key: 
J = Juvenile 
A = Adult 
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(Figs. 3. 4 and 3. 5). Therefore I have termed all birds with bill lengths less 
than 122 mm males, and all those with bills exceeding 129 mm females. Thus 
5 birds with bill lengths of 123-128 mm (one adult excluded from Fig. 3. 5 as 
no wing measurement) cannot be sexed with confidence. 
Juvenile Curlews are believed to have completed bill growth by October 
(Bainbridge and Minton, in preparation). However the bill lengths of 7 juveniles 
caught on Teesmouth in March (x = 118. 9 mm, range = 105-137 mm, 
cf. 27 adults in the same catch x = 124. 4 mm, range 102-160 mm) indicate 
that this may not be so. It is interesting to note that 2 of the Curlews that 
could not be sexed by bill length were juveniles. Thus the division between 
males and females could be confused by the presence of juveniles with bills 
still undergoing active growth. 
Wing length is another parameter that differs between the sexes, 
although with considerable overlap (Fig. 3.4). Any Teesmouth bird with a 
wing length (measured by the maximum length method, Evans 1964) shorter 
than 300 mm can be sexed a male and any exceeding 310 mm a female, a 
similar result to that obtained by Bainbridge and Minton (in preparation) on birds 
captured on the Wash. 
Both sexes were present in every month that Curlews were ringed. 
The two big catches, in August and in March, contained a similar proportion 
of males (approximately 60 per cent) (August catch: 23 males, 13 females, 
2 unsexed; March catch: 20 males, 12 females, 2 unsexed). The proportion 
of males to females in the March catch is unaltered if juveniles are excluded, 
3.1. C. 2. Fidelity to Teesmouth in successive winters 
Of the 82 Curlews caught in the three winters, 2 were found dead 
(one shot) during the winter of capture. Sixty-one (76 per cent) of the 80 
remaining birds were seen on the estuary in the first winter following ringing 
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(Table 3.10). The return rate between the first and second winters after 
marking was similar (81 per cent). (The extremely high rate of 
return between years shown in Table 3.10 (26 out of 27 birds returning) is due 
to 4 birds being seen in 1978/79, but not in the previous winter; see Table 3.11). 
Adults and juveniles caught in 1976/77 had similar return rates in the 
following winter (70 per cent and 75 per cent respectively), and also in the 
second winter after ringing (81 per cent and 83 per cent respectively). There 
was little difference between the return rates of adult males and adult females, 
either in the winter following ringing (males 78 per cent, females 72 per cent) 
or in subsequent winters. 
The return rate in the winter following ringing was not influenced by the month 
of capture. Birds caught in August and March had similar rates (return rate, 
August = 78 per cent, March = 71 per cent), and some of the birds caught in 
each of the other months also returned. 
Mortality rates for each age class cannot be determined accurately 
as only 8 juveniles were ringed during the study. Seven of these were caught 
in March by which time most juvenile mortality will already have occurred. 
Between March and the following winter, mortality amongst the juveniles was 
just 12 per cent. Adult mortality between years was estimated to be 15 - 25 per cent, 
giving good agreement with the estimates of 25 per cent given by Boyd (1962), 
and 26 per cent given by Bainbridge and Minton (1978). Mortality in adult males 
and adult females was identical (approximately 20 per cent per annum). 
3.1. C. 3. Period of stay on the estuary during a winter 
Some marked Curlews fed on the fields surrounding Seal Sands during 
each winter, and were seen much less frequently than those which fed on the 
mudflats. Consequently arrival and departure dates were more difficult to 
determine for Curlews than for Grey Plovers, and are less reliable estimates 
of the true dates of arrival and departure. 
Table 3.10 
The return of colour-ringed Curlews to 
Teesmouth in successive winters 
1975/76 
1976/77 
1977/78 
1978/79 
4 ringed 
4 returned 
2 returned 
2 returned 
38 ringed 
27 returned 
26 returned 
38 ringed* 
30 returned* 
* 2 birds found dead during winter of capture excluded 
from analysis 
(Sightings for 1978/79 from N. C. Davidson, L„R„ Goodyer 
and F. L. Symonds). 
123 
Table 3.11 
The fidelity of individually marked Curlews to Teesmouth 
in successive winters after ringing 
Patterns of return to Teesmouth No. of Curlews 
shown by individual Curlews showing each pattern 
1975/76 1976/77 1977/78 1978/79 
4 ringed 
R y j y 2 
R y x x 2 
38 ringed 
R y y 22 
R y X 5 
R x y 4 
R X X 7 
R 
y 
X 
= winter in which bird colour-ringed. 
= returned to Teesmouth in this winter. 
= not seen on Teesmouth in this winter. 
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Arrival dates - Most marked Curlews had returned to Teesmouth by October 
(Table 3.12). August is the main month for first sightings of marked Curlews. 
However data for July are few (especially in 1977) due to the difficulties of 
observation through the heat haze on the mudflats, so extensive immigration 
of marked birds may also have occurred in this month. (The apparent influx 
of marked Curlews in October - November 1978 was the result of greatly 
intensified searching for marked birds at that time.) 
During the winters of 1976/77 and 1977/78, 5 marked Curlews were 
f i rs t seen in January. Four of these were males and 2 of them were known 
to be field feeders, so their appearance on Seal Sands was probably due to the 
fields becoming frozen rather than to their arrival on the estuary in January. 
Similarly the first sightings of 7 marked Curlews in January 1979 did not 
indicate an influx of birds into the estuary, but rather an increase in searching 
for ringed birds, particularly on the fields. 
The true month of arrival on the estuary was not influenced by the 
sex of the birds. However age did affect the time of arrival. Three of the 
5 Curlews in their second winter in 1977/78 (Y O/R, Y O/L, L W/R) arrived 
later than most of the adults (Table 3.13). 
There was considerable consistency in the arrival dates of individual 
birds (Table 3.13), despite the change in observers and main areas searched 
during the winter of 1978/79. hi twelve cases there is a difference of no more 
than 3 weeks. The major differences between years are anomalies caused by 
field feeding birds seen on the mudflats in autumn in one year but not until 
the fields were frozen in January in another (e.g. B W/O, L R/W). 
Departure dates - During the 3 winters 1975/78 most marked Curlews left 
the estuary in March and April (Table 3.14). Some left in autumn, but it is 
difficult to separate these from birds that moved onto the fields and were not 
Table 3.12 
The month of first sighting of marked Curlews 
Month of arrival J A S 0 N D J 
No. arriving 1976/77 - 2 - 1 1 
No. arriving 1977/78 14 6 4 1 - 4 
No. arriving 1978/79 6 21 1 12 8 1 7 
(Sightings for 1978/79 from N. C. Davidson, L .R . Goodyer 
and F. L. Symonds) 
Table 3.13 
Frequency distribution of the differences in the dates of 
first sighting of individual Curlews in successive winters 
No. of days between arrival dates in successive winters 
0-7 8-14 15-21 22-28 29-35 36-42 >42 
1976/77 - 1977/78 0 0 1 0 0 0 1 
1977/78 - 1978/79 2 6 3 1 3 1 7 
Sightings after September 1978 supplied by N. C. Davidson, L. R. Goodyer 
and F. L. Symonds. 
Details of arrival dates set out in Appendix 3. 
Table 3.14 
The month of last sighting of marked Curlews 
Month of departure 
No. departing 1975/76 
No. departing 1976/77 
No. departing 1977/78 
No. departing 1978/79 
A S O N D J F 
- - - - 2 1 1 
- - 1 - - 3 1 
2 2 2 1 2 6 5 
1 1 2 5 - 7 19 
(Data for 1978/79 supplied by N. C. Davidson, L .R . Goody 
and F . L . Symonds) 
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seen again during the winter. Similarly, some of the last sightings in 
January and February were caused by field feeders moving onto the mudflats 
when the ground was frozen and then disappearing for the rest of the winter. 
Searching for marked birds during the winter of 1978/79 was less intensive, 
particularly after February, so departure dates for this winter have been excluded 
from the analysis. 
There was no difference between adult males and females in the timing 
of emigration. 
The consistency in apparent departure date for successive years varies 
between individuals (Table 3.15). Considering the data for the three winters 
1975-78, 21 out of the 31 marked Curlews had departure dates in successive 
winters differing by less than one month, 15 by less than 2 weeks. Twenty-one 
individuals left during the March - April emigration period in 2 successive years. 
However some birds had departure dates that differed markedly between winters. 
For birds not seen subsequently (B R/O, O W/W, W Y/Y) this could be 
due to mortality rather than true departure. Other disparities between 
years ( e. g. for Y G/W, L O/W) may have been a consequence of very 
irregular sightings of birds that were mainly field feeders. 
Seven of the 8 juveniles marked in the winter of 1976/77 departed during 
the period of adult emigration. However as 4 of these juveniles were still present 
on the estuary in late April, further ringing may show that the peak in juvenile 
emigration occurs 1- 2 weeks later than that of the adults. The information from 
the departure dates of individuals ringed as juveniles is equivocal, hi their 
second winter 3 had departure dates differing from the previous spring by less 
than 8 days, but 2 were last seen 2 and 5 weeks earlier than when juveniles, 
and one apparently left 14 weeks later in its second winter. 
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Table 3.15 
Frequency distribution of the differences in the dates of 
last sighting of individual Curlews in successive winters 
No, of days between departure dates in successive winters 
0-7 8-14 15-21 22-28 29-35 36-42 >42 
1975/76 - 1976/77 
1976/77 - 1977/78 11 
4 
29 
11 33 
Details of departure dates set out in Appendix 3. 
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Length of stay - Discussion is confined to the 2 winters of 1976/77 and 1977/78 
as the 1978/79 departure dates are unreliable. Because most of the marked Curlews 
were first seen at Teesmouth between August and October (Table 3. 12) and 
left in March or April (Table 3. 14), most individuals stayed on the estuary for 
a similar length of time. Twenty of the 31 marked Curlews that returned during 
the winters 1976/77 and 1977/78 stayed for 185 - 250 days (Fig. 3.6a). The 
birds staying for 250 days were amongst the first to arrive in August and the 
last to emigrate in mid-April. Three birds that arrived later, in September and 
October, and left in March or April stayed for 140 - 170 days (Fig. 3.6b). 
Two ringed birds (O W/W and W Y/Y) which emigrated in spring one year but 
disappeared in autumn the next, may in fact have died rather than emigrated 
in autumn. Two marked Curlews returned to Teesmouth in both winters (Fig. 3. 6a). 
One (B R/W) showed consistency between years but the other (B W/O) showed 
great variation as it was a field feeder and therefore rarely seen even though 
present on Teesmouth. Other short periods of stay were also due to field feeders 
appearing only irregularly during a winter. 
3.1. C. 4. Hypothesis for the use of Teesmouth by Curlews (Fig. 3.7) 
The High Water counts for Teesmouth given in Section 2. C. I . (Fig. 2.12) 
indicated that the estuary held a fairly constant population for much of the winter. 
Sightings of marked Curlews give strong support to this suggestion. 
August (possibly July) was the main month of arrival for adult Curlews 
of both sexes. These birds were probably collecting on Teesmouth to moult, 
after breeding locally, in Durham or Yorkshire (Evans 1966). The population 
comprised 60 per cent males. By October juveniles were also present. Some 
Curlews left the estuary in September and October, possibly moving west to 
winter. This departure coincided with the arrival of other individuals especially 
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Figure 3. 6 The length of stay on the Tees estuary of individually marked 
Curlews. Written in each bar is the number of days the 
individual was known to be present on the estuary. 
(a) Birds present for at least 180 days. 
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Figure 3. 6 (cont..) 
(b) Birds present for less than 180 days. 
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Figure 3. 7 A generalised pattern for the use of the Tees 
estuary during a winter by adult (A) and 
juvenile (J) Curlews. 
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second winter birds, so the total number on the estuary remained constant. 
Ringing recoveries analysed by Evans (1966) indicate that these are birds from 
Fenno-Scandinavian breeding grounds. After October few new arrivals were 
seen on the estuary. Those birds that had already arrived on Teesmouth 
remained there, whether feeding on mudflats or fields, until spring. 
The Teesmouth High Water counts (Fig. 2.12) indicate an increase in 
the population during January and/or February. Ringed birds both appeared 
and disappeared during this period, mainly because they were field feeders 
which were seen only irregularly. Thus the observations give no evidence of 
a mid winter influx. It is likely that any apparent increase in the number of 
Curlews on the estuary is caused by the movement of field feeding birds from 
more distant fields (up to 4 kms away) to the pastures adjacent to Seal Sands 
during January and February. 
In March the population contained the same individuals as in autumn. 
Although adults made up 80 per cent of the catch, some juveniles were present. 
As in August, males constituted 60 per cent of the population. The sightings of 
marked birds give no evidence of an influx of Curlews in spring, so the peak 
in March - April may be due to birds moving from the fields to the mudflats 
prior to emigration. 
Most marked Curlews left Teesmouth in March and April, matching 
the population decrease on the estuary. Adult males and females emigrated 
at the same time as the juveniles. As local Curlews return to their breeding 
grounds in late February and March, those still present in April are probably 
from continental breeding grounds (Evans 1966). 
The majority of marked Curlews returned to Teesmouth and had 
similar arrival and departure dates in successive winters so it is likely 
that a similar pattern will occur each winter. 
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3.1. D. THE USE OF TEESMOUTH AS A WINTERING SITE 
BY INDIVIDUAL BAR-TAILED GODWITS 
3.1, D. 1. Numbers individually marked 
Bar-tailed Godwits proved both difficult to catch, and difficult to 
observe because of their strong preference for inaccessible roost sites and 
for feeding at the tide edge and on the more distant mudflats of Seal Sands. 
Only 11 were ringed during the project, 8 in August 1977, so data on individual 
birds are limited, and refer mainly to the winter of 1977/78. 
Adults and juveniles of both sexes were caught in August (Table 3.16). 
Juveniles were also present in October and April. Three of the 5 adults caught 
in August were in full summer plumage (2 males, 1 female), and 4 were in 
wing moult. 
3.1. D. 2. Fidelity to Teesmouth in successive winters 
Fidelity between winters was very high, with 9 out of the 11 Godwits returning 
to the estuary the year after being ringed (Table 3.17), (Data for 1978/79 
from L. R. Goodyer, pers. comm.). The return rate for adults was 100 per cent, 
and that for juveniles 67 per cent. Birds returned regardless of the month of 
capture. One Godwit ringed as a juvenile has now spent 3 successive winters 
at Teesmouth. Another juvenile, which spent the winter of 1977/78 on Teesmouth 
but was not seen there the following winter, was observed on the Humber estuary 
(120 kms to the south) during February and March 1979 (M. Tasker, pers. comm.). 
3. L D. 3. Period of stay on the estuary during a winter 
Arrival dates - 4 of the 5 adults caught in August 1977 returned in July 1978 
when one male (W R/O) was again in full summer plumage. Later in the winter 
of 1978/79, the fifth adult and 2 of the juveniles were also seen on Teesmouth. 
The bird ringed as a juvenile in April was seen on the estuary once the following 
August. The juvenile caught in late October 1976 was the first seen the next 
Table 3.16 
The ages of Bar-tailed Godwits 
captured during the study 
O N D 
2Jo - l j £ 
Ucf - Uo* 
3Ao + 
2Ao* 
Key: J = Juvenile 
A = Adult 
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Table 3.17 
The return of colour-ringed Godwits to Teesmouth in 
relation to the month of capture 
August October April 
Number ringed 5A 3J 2J U 
Number that returned 
the following winter 5 2 1 1 
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winter at the beginning of December. Therefore it arrived at least one month 
later in its second year than in its first. 
Departure dates - Marked Godwits departed from Teesmouth either in autumn 
or spring (Table 3.18). Autximn departures occurred from August to November 
and included both adults and juveniles. The 3 females (2 adults, 1 juvenile) left 
before the juvenile male. In spring, most adults migrated in February, whereas 
the juveniles stayed up to 3 months longer. The females tended to emigrate 
slightly later than the males. Two marked Godwits, both females, changed 
their behaviour between their first and second winters on Teesmouth. One left 
in March when a juvenile, but one month earlier the following spring. The 
second individual left in August when a juvenile, but was still present in November 
in the following winter. One adult, also a female, changed its behaviour between 
years, leaving the estuary in October in one winter, but staying at least until 
January in the next. 
Length of stay - Complete information on arrival and departure is available 
for only 2 marked Godwits. One was seen only once in August and was presumably 
a passage bird as it had been caught the previous spring when migrating Godwits 
were passing through Teesmouth. The other Godwit was present on the estuary 
for about 80 days after arriving in early December. In the previous winter, when 
a juvenile, this bird stayed for a minimum of 150 days. The minimum length of 
stay for the Godwits caught in August varied from 7 to 240 days, and was around 
180 - 190 days for the adults that left in February. 
3.1. D. 4. Hypothesis for the use of Teesmouth by Bar-tailed Godwits (Fig. 3.8) 
As few Godwits were marked, relatively little information can be added 
to the discussion of seasonal changes in numbers of Godwits on the estuary 
(Section 2. D. 1). 
Table 3.18 
The month of last sighting of marked Godwits 
Month of departure 
1976/77 
1977/78 
Juveniles <f 
? 
Adults of 
? 
A S O N D J F M 
1 - - - 1 
2 - 1 - - - 4 2 
1 - - 1 
2 
1 - 1 - - - 2 1 
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Figure 3. 8 A generalised pattern for the use of the Tees estuary 
during a winter by adult (A) and juvenile (J) Bar-tailed 
Godwits. 
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Both adult and juvenile Godwits arrived during the autumn increase. 
The decrease that followed was due to the emigration of birds in both age 
groups* 
The ringed birds gave no information on the nature of the increase in 
January and February (except that one second winter Godwit arrived in early 
December), but they do show that the decrease from this peak was started by 
the departure of adults. (The juveniles did not leave until March at the earliest.) 
In both age groups spring emigration of females was slightly behind that of 
males. It was more difficult to determine true departure dates in spring 1978 
due to the increasing use of Bran Sands as both a feeding and roosting area. 
My estimated departure dates for marked Godwits may be earlier than their 
true emigration if they remained on Bran Sands (and were therefore not 
identified) throughout the tidal cycle. Nevertheless the basic sequence of 
events is probably unaltered. 
3.1. E . DISCUSSION 
3.1. E . 1. Interrelationships between species on Seal Sands 
Thus far, each of the 3 species has been discussed in isolation. I 
shall now consider how the use of the estuary by one species may be influenced 
by that of other species. 
As Nereis was the main prey of Curlews, Grey Plovers and Godwits, some 
interspecific competion for space in which to feed on Seal Sands might have been 
expected, in addition to any competition for f ood that might have occurred. 
Some segregation of feeding areas was found between Grey Plovers and Curlews. 
Grey Plovers fed in areas with a low density of waders, not only at Low Water 
but also on the ebb and flood tides. Consequently there was little overlap between 
the main feeding areas of Grey Plovers (Fig. 2.5) and Curlews (Fig. 2.14) 
(as found also by Evans et al. 1979) as the latter fed in the high density areas. 
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The distribution of Avocets (Recurvirostra avocetta) and Black-headed Gulls 
(Larus ridibundus) have also been shown to be mutually exclusive (Zwarts 1974), 
No direct interactions were observed between Grey Plovers and Curlews, so the 
distribution patterns were probably a result of Grey Plovers avoiding areas 
with a high density of feeding birds. It is not clear whether Godwits competed 
for space with Grey Plovers and/or Curlews as they used similar areas to 
Grey Plovers in 1976/77 and also in 3 earlier winters (Evans et al. 1979) 
and to Curlews in 1977/78 (see below). 
The changes in the total number of Curlews feeding on Seal Sands 
were inversely related to those of both Grey Plovers and Godwits during the 
1976/77 and 1977/78 winters, and also in 1975/76, although not in the previous 
3 winters (Evans 1980). This was due to the movement of Curlews to the 
fields coinciding with the arrival of Grey Plovers and Godwits on the estuary. 
These changes were believed not to be causally linked as, on each mudflat of 
Seal Sands, there were no inverse seasonal changes in the Curlew and Grey 
Plover or Godwit numbers. This contrasts with the Avocet/Black-headed Gull 
relationship described by Zwarts (1974). Also, although Godwits had an 
alternative feeding area, Bran Sands, the number feeding there at Low Water 
was independent of both Curlew numbers on Seal Sands, e.g. 
11th February 1978, Bran Sands 0 Godwit; 
Seal Sands 170 Godwit, 290 Curlew 
9th March 1978, Bran Sands 146 Godwit; 
Seal Sands 170 Godwit, 332 Curlew, 
and the area of mudflat exposed in their main feeding area on Seal Sands, 
Seaton Channel: 
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23rd January 1978, 
25th January 1978, 
7th February 1978, 
8th February 1978, 
22nd February 1978, 
2nd March 1978, 
9th March 1978 
Bran Sands 106 Godwit, intermediate tide 
24 
16 
183 
0 
63 
146 
spring tide 
intermediate tide 
spring tide 
spring tide 
neap tide 
spring tide 
Thus, although Grey Plovers show a general preference for areas with a low 
density of feeding waders, the seasonal changes in the numbers of all 3 species 
on each area of Seal Sands appear to be due to intraspecific factors (e. g. influxes 
into the estuary, filling of preferred areas) and/or to weather or disturbance, 
rather than to direct interspecific competition for space. 
Very different behaviour occurred, however, following influxes of 
large numbers of species that normally do not use Seal Sands. The arrival of 
huge flocks of gulls in January 1978 caused a redistribution of Curlews, 
Godwits and Grey Plovers on the ebb and flood tides and of Grey Plovers 
also at Low Water. The arrival of a large flock of Golden Plovers also caused 
not only a redistribution of Grey Plovers but also an increase in the number of 
territories held by Grey Plovers, on the ebb and flood tides. Golden Plovers 
feed in a similar way to Grey Plovers, taking prey available at the surface, 
so their presence is likely to have a much greater depressive effect on prey 
capture by Grey Plovers than is the presence of the probing Curlews and Godwits. 
The changes between winters in the main feeding areas used on Seal 
Sands give further evidence that in general only Grey Plovers suffered directly 
from interspecific competition for space. The most marked change during the 
study was that of the Godwit population from Eastern Channel to the Seaton 
Channel tide edge. The Curlew and Grey Plover populations did not show any 
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simultaneous changes of similar magnitude, so competition for feeding space 
with these species is unlikely to have been the cause. As the mean number of 
Curlews feeding on Greenabella Bank (including the Seaton Channel tide edge) 
at Low Water in 1977/78 was 80 per cent higher than in the previous winter, the 
increase in the number of Godwits there may have been a result of increased 
prey density on this area relative to Eastern Channel. The prey density along 
Seaton Channel may also have increased between years relative to that on other 
Godwit feeding areas on the estuary as in 1977/78 a greater proportion of the 
Godwits on the estuary fed on Seal Sands than in 1976/77 (see Fig. 2. 20). As 
the number of Grey Plovers die not increase in parallel with the other 2 species, 
the absence of other waders must be a more important factor in the choice 
of feeding area than prey density. Data from previous winters (Knights 1979, 
Evans 1980) show that Grey Plovers have not changed their main Low Water 
feeding area since at least the 1972/73 winter, whereas Godwits have shown 
several major changes. 
Data presented by Evans (1980) suggested that the numbers of shorebirds 
settling on the Tees estuary were determined before feeding conditions became 
most difficult, at least during mild and wet winters. Curlews followed a similar 
pattern during 1976/77 and 1977/78 to that in previous winters, with no arrivals 
in mid winter, so my data support Evans' hypothesis of numbers being adjusted 
in autumn. In contrast, however, the marked mid-winter increases in Grey 
Plovers and Godwits in both 1976/77 and 1977/78 seem to contradict the hypothesis. 
Despite this major difference between the 2 studies (discussed further below), 
Grey Plovers appeared to fill preferred areas first in autumn and Godwits used 
some, presumably sub-optimal, areas only during population peaks. This 
behaviour indicates that population density was adjusted in autumn,but only for 
the first part of the winter. 
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If adjustment occurred in the autumns of 1976 and 1977, why did the numbers 
increase in mid winter? One possible explanation is that those birds arriving 
late in the autumn find the optimal areas filled, and therefore move to another 
estuary, where the most profitable areas are not yet filled, to spend the winter. 
However, if birds migrating north along the coast of eastern England in January 
(see below) meet severe weather and are forced to stop at Teesmouth, they 
will have no better alternative than to find a feeding site on Seal Sands (and 
perhaps also on nearby coastal beaches), regardless of the number of birds 
already present. 
3.1. E . 2. The position of Teesmouth in the migration systems 
of Western Europe and Africa 
Using counts from other wintering grounds, the hypotheses for the 
use of Teesmouth by the 3 species can be discussed in the context of their 
migration patterns in the rest of Western Europe and Africa. Published counts 
for the following sites have been used: British estuaries as a whole ("Birds 
of Estuaries" counts) (Prater 1973, 1974a, 1976, 1977), the Wash (Prater 1974b), 
the Ribble (Smith and Greenhalgh 1977), Morecambe Bay (Wilson 1973), 
Morocco (Pienkowski 1972, 1975) and Mauritania (Dick 1975). I have also 
used counts for 3 sections of the Wadden Sea either recently published (Meltofte 
1980) or in preparation (Smit in press, Busche in prep.). Discussion is concentrated 
upon the Wadden Sea and Wash counts due to their importance and to the 
knowledge of the movements of birds using these areas. 
Although the winters in which counts were made differed between sites, it 
is assumed that the general pattern of migration is similar each winter so that 
comparisons between sites can be made. The marked fidelity to Teesmouth as a 
wintering site and the consistency in times of arrival and departure shown by 
colour-marked Grey Plovers, Curlews and Godwits indicate that the assumption 
is valid for individual birds. Strong fidelity to a wintering site is also shown by 
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Grey Plovers (Branson and Minton 1976) and Curlews (Bainbridge and Minton 1978) 
on the Wash. 
The numbers of waders using Teesmouth are very small when compared 
with the populations on the other areas discussed. It must therefore be 
assumed that the changes on Teesmouth are representative of movements on 
a larger scale within the wintering range of each species. 
Grey Plover (Fig. 3.9) - It is believed that all the Grey Plovers 
migrating through Western Europe come from the Siberian, and not the Canadian, 
breeding grounds (Branson and Minton 1976). Adult Grey Plovers in full breeding 
plumage begin arriving from the Siberian Arctic on Teesmouth, the Wash 
(Branson and Minton 1976) and the Wadden Sea (Boere 1976) in late July. 
It is not known whether those reaching Teesmouth flew directly from the breeding 
grounds (or Arctic coast) or paused to refuel on the Wadden Sea. Some of the 
adults reaching Teesmouth and the Wadden Sea, and most of those arriving 
at the Wash remain to moult into winter plumage. Some at Teesmouth and 
the Wash then remain for the winter, whereas the majority of those moulting 
on the Wadden Sea leave by November. 
The main passage of juveniles through Teesmouth and the Wash begins in 
September and, at least on Teesmouth, reaches a peak in October. It is not 
known when juveniles arrive on and depart from the Wadden Sea. 
In late October and November adults in winter plumage arrive at 
Teesmouth. They may have moulted on the Wadden Sea as numbers fell there 
in October/November (Fig. 3. 9) once moulting had been completed or arrested 
(Boere 1976). Alternatively they could have moulted on the Wash, before moving 
northward to Teesmouth. Grey Plovers do leave the Wash between September and 
December (Fig. 3. 9). Also, although a northward movement from the Wash 
to the Tees in late autumn has not been shown for Grey Plovers, it is known to 
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occur in Dunlin, Knot and Sander ling (L. R. Goodyer, unpublished data), 
presumably after moult has been completed. Some Grey Plovers, therefore, 
may follow a similar pattern. 
Many Grey Plovers migrate further south than the British Isles in 
autumn, reaching Morocco and Mauritania by September/October (Dick 1975, 
Pienkowski and Knight 1977). In Mauritania the juveniles arrive after the first 
adults (Dick 1975) and during the period when juveniles are known to leave 
Teesmouth, the Wash (Minton 1975) and probably the Wadden Sea. 
In January/February both adult and juvenile Grey Plovers arrive on 
Teesmouth. Parallel increases occurred on the Wash, the Ribble, 
Morecambe Bay and in the B. O. E . total in at least some winters (Fig. 3. 9), 
so it is likely that some Grey Plovers moved into Britain from elsewhere. 
There is no evidence from the Wadden Sea counts that they originated there. 
The other possible source is the large wintering population in West Africa. 
Unfortunately there are insufficient counts from this area to tell whether 
any Grey Plovers left in December/January. 
Grey Plovers leave the Tees from late February to early April. Although 
they probably have sufficient reserves to fly direct to the breeding grounds or 
the Arctic coast (see Minton 1975), sightings in Schleswig Holstein in April 
of colour-marked Grey Plovers originally ringed on the Tees (G. Busche, 
T. Norgall, pers. comm.) suggest that they may pause on route. Later in the spring, 
in May, there is a major passage of Grey Plovers particularly through the 
Wadden Sea but also in some British west coast estuaries (e.g. the Ribble ). 
Only a few passage birds use the Tees in May. 
Curlew (Fig. 3.10) - Curlews wintering in different parts of the British 
Isles come from populations breeding in several parts of Europe, as detailed 
by Bainbridge and Minton (1978). In June and July adult Curlews move from 
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Figure 3.10 The seasonal changes in the number of Curlews using 
two estuaries in Western Europe, and in the combined 
counts for the British estuaries. Data from Busche 
(in prep.), Meltofte (1980), Prater (1973, 1974a. 1976, 
1977), Smit (in press) and Wilson (1973). All axes are 
marked in thousands of birds. 
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their breeding grounds to intertidal areas in order to begin moulting. Most 
move to adjacent estuaries (e.g. Evans 1966, Wilson 1973, Boere 1976) but some 
European birds migrate to the Wash before commencing their moult (Bainbridge 
and Minton 1978). Many Curlews remain throughout the winter on the same 
estuary. However some westward movement occurs, and in September/October 
birds from Fenno-Scandinavia (Evans 1966, Wilson 1973) and the Wadden Sea 
(Boere 1976) reach British estuaries. 
The counts for the Wadden Sea, the Ribble and Morecambe Bay, together 
with the B. O. E . counts, fall to a low level in November - January (Fig. 3.10), 
thus resembling the Tees counts. Although some migration may have occurred, 
it is probable that local movements from the mudflats to the fields, as demonstrated 
on the Tees, are the main cause of these decreases (L. Zwarts, pers. comm.). 
The Curlews that left Teesmouth during March - April probably flew 
directly to continental breeding grounds. Those wintering on the Wadden Sea also 
moved to their breeding grounds in April. British breeding birds moved to the 
breeding areas in February - March, as detected in the counts from the west coast 
estuaries. 
Godwit (Fig. 3.11) - The Bar-tailed Godwits which winter in 
Western Europe and Africa breed in the Siberian Arctic (Prater 1974a). 
The first adults in full summer plumage reach Teesmouth and also the 
Ribble, Morecambe Bay, the Wash and the Wadden Sea in July. It is not 
known whether the Teesmouth birds pause on the Wadden Sea on their 
migration from the breeding grounds. At least some of these early birds 
remain to moult into winter plumage. However others pass swiftly through 
the Wadden Sea on their way to West Africa (Boere 1976). 
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Later in the autumn juveniles and adults in winter plumage arrive 
on British estuaries, the adults perhaps having moulted in the Wadden Sea 
or the Baltic. 
The large numbers of Godwits arriving on the Tees in January/ 
February do not appear to have come from the Wadden Sea as no decrease 
was recorded there. There was an increase in the counts for the Ribble 
(but not Morecambe Bay) and in the overall B. O. E . counts at this time, 
so the Godwits arriving on Teesmouth may, like the Grey Plovers, be 
moving north from West Africa after moulting there. It is known that over 
200,000 Godwits migrate south to Mauritania in autumn (Dick 1975), and 
many passage birds in Morocco are in full breeding plumage (Pienkowski 1975). 
Unfortunately at present there are insufficient counts to show whether a December/ 
January departure follows the moult. 
The majority of Godwits on Teesmouth and on most British estuaries 
have left by the end of March (Prater 1974a). They may have paused on 
migration on the Wadden Sea (numbers on the Danish section increased in 
March) or flown directly to the Arctic. 
In April/May adults, all in full breeding plumage, pass through 
Teesmouth, but not through the west coast estuaries. Their appearance 
coincides with the main passage through the Wadden Sea (Fig. 3.11). Prater 
(1974a) has suggested that these are birds that have wintered in West Africa. 
If so, it is possible that the southern wintering Godwits may follow one of 
two patterns of spring migration: a) migrating north in January and moulting 
into breeding plumage in Western Europe, or b) migrating in April/May, 
presumably after acquiring their breeding plumage. 
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PART H. THE FEEDING SITES USED BY INDIVIDUAL BIRDS 
In this and future Sections only Grey Plovers and Curlews wi l l be 
discussed as the data for marked Godwits are insufficient to draw reliable 
conclusions. 
3. I I . A THE USE OF SEAL SANDS AS A FEEDING 
AREA BY INDIVIDUAL GREY PLOVERS 
The hypothesis set out in Section 3.1. B. 4. referred to the use of the 
whole of Teesmouth as a wintering area by individual Grey Plovers. More 
detailed observations of individual Grey Plovers have been made on Seal Sands, 
their main feeding area on the estuary. The Low Water counts for Seal Sands 
were generally lower than those made at High Water on the estuary as a 
whole (Fig. 2. 3). This difference was due in part to a few Grey Plovers feeding 
in sites other than Seal Sands, e.g. B R/W in the tidal Brinefields creek 
adjacent to Seal Sands and in part to a few feeding on parts of Seal Sands not 
always visible at Low Water, e.g. R Y/Y which, along with 3 other Grey Plovers, 
regularly fed on a small, inaccessible mudbank on the northern edge of Seaton 
Channel. Therefore the number of individuals discussed in this section on 
Seal Sands wi l l be less than that included in the preceding section on Teesmouth. 
The general pattern of use of Seal Sands by Grey Plovers was outlined in 
Section 2. B. However i t is clear that individual birds can differ markedly in 
their behaviour (e.g. in arr ival dates,Appendix 3). In this section therefore 
the feeding sites and patterns of movement of marked individuals on Seal Sands 
are described and contrasted with the general pattern detected for the whole 
population. On any mudflat, each marked Grey Plover (and Curlew) tended 
to forage within a restricted area of mud (whether or not that area was 
defended) - I have termed these restricted areas "feeding sites". A bird was 
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considered to have changed feeding site when there was no overlap between the 
old and new areas in which i t foraged. The size of feeding sites varied between 
mudflats and individual birds. 
3. I I . A. 1. Low Water feeding sites of individual Grey Plovers 
3. I I . A. 1. a. Sites used 
The feeding sites used by Grey Plovers, and by Curlews (Section 3. I I . B. 1.) 
are classified f i r s t as areas within Seal Sands. These areas differed in 2 character-
istics: tidal level and sediment type. Later, (in Section 3. I I . D. 2.) , it w i l l be 
shown how these characteristics influence the distribution of feeding sites of 
both Grey Plovers and Curlews. 
Low Water feeding sites were determined for 18 of the 22 marked Grey 
Plovers present on the estuary during the winter of 1977/78 (Fig. 3.12 and Table 3. 19). 
During the winter, some individuals changed their Low Water feeding sites (see below), 
so the total number of feeding sites used by marked Grey Plovers exceeded the 
number of ringed birds observed feeding at Low Water. The Low Water feeding 
sites were distributed in approximately the same way as the sites used by the whole 
population (Table 3.20). It is not possible to carry out a 2x5 contingency table on 
ringed and unringed birds on each area due to the small numbers involved (see 
Table 3.20). However in 1977/78 there was no significant difference between 
ringed and unringed birds in their Low Water distribution between the eastern 
(Central Bank and Eastern Channel) and the western (Scalloped Mud, Greenabella Bank 
2 
and Central Channel) halves of Seal Sands (x = 1. 56, 1 d. f. . p>0.10). Similarly 
there was no significant difference between the two halves in 1976/77 (x. = 2. 09, 
1 d. f. , p>0. 10). Therefore, the ringed birds were representative of the 
population in their choice of feeding sites at Low Water. 
Within each area of Seal Sands the distribution of marked Grey Plovers 
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Table 3.20 
The distribution of marked Grey Plovers 
and the Grey Plover population on Seal Sands 
at Low Water, in two winters 
Section of Seal Sands 
CB ECh SM GB CCh 
1977/78: 
Low Water feeding sites 
of marked Grey Plovers 
Low Water distribution 
of the Grey Plover 
population 
1976/77: 
Low Water feeding sites 
of marked Grey Plovers 
Low Water distribution 
of the Grey Plover 
population 
12(57) 1(5) 4(19) 4(19) 0(0) 
58(60) 15(16) 10(10) 11(H) 3(3) 
4(37) 1 (9) 2(18) 3(27) 1(9) 
60(54) 16(15) 15(14) 16(15) 3(2) 
Values are numbers, with approximate percentages in brackets. 
Data for the Grey Plover population taken from Table 2. 2. 
Key for abbreviations given on Table 3.19. 
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on different substrates was also broadly similar to that of the whole population 
(Table 3. 21). On Central Bank, most marked Grey Plovers fed on the Enteromorpha-
covered f i r m sandy mud of Central Bank-north, favoured also by the unmarked 
birds. Marked birds used the sandy mud of Central Bank-south only for a short 
period in mid winter (see Section 3. I I . A. 1. d. below); hence the data on Table 3. 21 
exaggerate its use by marked birds. On Greenabella Bank the marked Grey Plovers 
stayed on the f i rmer ridge and avoided the softest muds and the tide edge, as 
found for the whole population. 
Sub-adults - Little information on the behaviour of sub-adult Grey Plovers could 
be collected, as Low Water feeding sites were determined for only 4 of the marked 
juveniles (3 in 1976/77, 1 in 1977/78) and 3 marked second winter birds (2 in 1977/78, 
1 in 1978/79). These sub-adults fed with unmarked birds and were not using areas 
avoided by other Grey Plovers. However, they showed a preference for the western 
mudflats of Seal Sands: 3 of the 7 feeding sites were on the ridge of Greenabella Bank, 
and 2 on Scalloped Mud-east with only 2 on Central Bank. The distribution between 
"Central Bank and Eastern Channel" and "Scalloped Mud, Greenabella Bank and 
Central Channel" was significantly different f rom that of adult ringed birds in 
1977/78 (the best estimate of distribution available) (exact probability test for 2x2 
contingency table (Bailey 1959), P = 5.60 per cent). It is hoped that future studies 
w i l l provide more information on the feeding sites used by sub-adult Grey Plovers. 
3. I I . A. l . b . The use of 2 feeding sites during a Low Water period 
Most marked Grey Plovers fed on a single site for the whole Low Water 
period. They moved to the Low Water site more or less as soon as it became 
exposed by the ebbing tide, and then stayed there until pushed off by the flood tide 
(see Section 3. I I . A .2 . a. below). However a few marked Grey Plovers were seen 
to use 2 Low Water feeding sites during a single tidal cycle. (This excludes cases 
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Table 3.21 
The distribution of Low Water feeding sites of marked 
birds and of the Grey Plover population within the areas 
of Seal Sands, in the 1977/78 winter 
Central Bank 
- north 
- central 
- south 
Feeding sites 
of marked birds 
number percentage 
6 
2 
4 
50 
17 
33 
Feeding sites 
of the population 
number percentage 
16.0* 
17.0* 
6.3* 
41 
43 
16 
Eastern Channel 
- north 
- south 
1 
0 
100 
0 
11.2** 
2.7** 
81 
19 
Scalloped Mud 
- east 
- west 
4 
1 
80 
20 
7.8*** 80 
20 
Greenabella Bank 
- ridge 
- at/near tide edge 
4 
0 
100 
0 
•90 
-10 
Population figures derived from: 
* Table 2. 3. 
** 6 counts at Low Water. 
*** 10 counts at Low Water. 
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where human disturbance clearly caused a change in feeding site.) Such birds 
followed one of 2 patterns: they either 
1. moved from their ebb tide feeding site on the higher mudflats to 
an area at a lower tidal level; and then moved elsewhere later 
in the Low Water period, or 
2. remained on the mudflats at high tidal level until well into the Low 
Water period, and then moved elsewhere, (They therefore moved 
f rom the high to the lower mudflats much later in the period of 
exposure than did the majority of Grey Plovers.) 
It w i l l be shown in Section 3. I I . D. 2. that the proximate cause for the 
two types of movement during the Low Water period may differ f rom that for move-
ments made during the ebb tide (see Section 3. I I . A. 2. a. for details of ebb tide 
movements). 
As these Grey Plovers returned to the higher mudflats on the flood tide 
they were utilising a feeding circuit incorporating 2 Low Water sites. 
During the 3 winters of the study only 11 cases of this behaviour were 
documented, as opposed to well in excess of 200 of other behaviours, so i t is 
clearly exceptional. Of the 11 cases, 6 were of individuals regularly using 
2 Low Water sites, and 5 were single occurrences (Table 3. 22). 
Regular use of 2 Low Water sites - 3 birds (B W/G, L W / L , O W/W) remained 
on the higher mudflats (Scalloped Mud - east and Central Bank - south) well 
after suitable areas at lower tidal areas were exposed (i .e. type 2, above). 
Two of these (L W / L , O W/W) defended feeding territories on their sites on 
the higher mudflats. Presumably they remained on their terri tories for as 
long as i t was profitable to do so during each period of exposure in order to 
maximise the short-term advantages of terr i tor ia l i ty (see detailed discussion 
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in Section 3. I I . D. 1). Perhaps when unable to obtain prey at an adequate rate 
they moved to lower mudflats where food availability was higher (see Section 3. I I . D). 
On some days L W / L was able to feed on its terr i tory throughout the period of 
exposure and did not change site. 
Two cases of regular use of 2 Low Water sites were caused by factors other 
than the tidal rhythm on Seal Sands. One marked bird (B W/O, 1976/77) fed on 
2 sites during a transitional period which led to a permanent change in Low 
Water feeding site. Another (B R/W) fed in 2 sites adjacent to Seal Sands: 
the Brinefields creek, which has irregular variations in water level and 
Greatham Creek which contains mudbanks at a wide range of tidal levels. Its 
choice of feeding site may have been influenced by human disturbance on the 
2 sites. 
Single occurrences of use of 2 Low Water sites - 2 of the 5 cases (Y O/R 
30.12.77, B W/O 15.11.76) involved movement between 2 sites at lower tidal 
levels ( i .e . type 1. above). In 2 others (Y O/R 17.1.78, B W/O 19.12.77) 
the birds remained on the higher mudflats well after the lower areas were 
uncovered ( i . e. type 2. above). The f i f t h b i rd (O W/O) fed on 2 sites on 
Scalloped Mud and also elsewhere on Seal Sands during a single Low Water 
period immediately following its arr ival on the estuary. It may have been 
searching for a suitable feeding site on Seal Sands (see Section 3. I I . A.3. d. below). 
3. I I . A. 1. c. Fidelity to a Low Water feeding site during a winter 
The fidelity of Grey Plovers to a Low Water feeding site during a winter 
varied markedly between individuals. Some fed in one site throughout a winter, 
others changed site one or more times. In this section I shall show how the 
behaviour of a Grey Plover during a winter was related to its ini t ial choice 
Of Low Water feeding site. As seasonal changes in Low Water site and ter r i tor ia l 
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behaviour are interrelated, discussion of the possible causes for such changes 
w i l l be held over until Section 3. I I . A. 3. d. 
Birds faithful to one feeding site - During the study only 3 marked Grey Plovers 
were known to have fed in the same site on Seal Sands at Low Water throughout 
a winter. This fidelity occurred only on sections of Seal Sands with f i r m or 
sandy mud. Two of these birds fed on the main Grey Plover Low Water feeding 
area on Central Bank - Eastern Channel, and the third on an area of similar 
substrate on the northern side of Seaton Channel. Both areas were at a 
mid tidal level. A fourth individual, which never fed on Seal Sands, was 
faithful to a Low Water feeding site on the slopes of the t idal Greatham Creek 
adjacent to the main mudflats, throughout its period of stay in the early months 
of 1977. This essentially linear habitat had different characteristics to those on 
Seal Sands, described above. It was composed of softer mud and, due to the 
steepness of the Creek banks, extended across both high and mid tidal levels. 
A l l 4 birds defended territories in their permanent Low Water feeding sites 
throughout their stay. 
Birds that changed their Low Water feeding site - Nine marked birds were known 
to have changed feeding site during a winter, 5 in 1977/78, 3 in 1976/77, and 
1 during 1975/76 (Table 3.23). The changes were not confined to one period, 
occurring both in November and f rom January to A p r i l , and were not associated 
with extreme spring and neap tides (c. f. Curlews, Section 3. I I . B. l . b ) . They 
were shown both by new arrivals to Seal Sands (e.g. W R/O 1976/77, O W/O 1977/78, 
Table 3. 23) and by established individuals (e. g. B W/O 1976/77, L W / L 1977/78). 
The behaviour of Grey Plovers feeding on the eastern and western halves 
of Seal Sands was very different (Table 3. 24). A l l of the changes observed f rom 
November to February (when the average temperature was low or decreasing) 
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Table 3.24 
The changes in Low Water feeding sites in relation 
to the original feeding area on Seal Sands, shown 
by marked Grey Plovers during two winters 
1977/78 
Nov - Feb 
Eastern mudbanks 
Western mudbanks 
Mar - Apr 
Eastern mudbanks 
Western mudbanks 
Number 
present 
i .e . "at 
r i sk" of 
changing 
14 
7 
9 
4 
Number 
known 
not to 
change 
3 
0 
3 
0 
Number that changed; 
a. b. c. 
Within that 
half of 
Seal Sands 
0 
3 
0 
1 
To wandering 
To other around 
half of whole of 
Seal Sands Seal Sands 
0 
2 
1 
0 
0 
0 
1 
1 
1976/77 
Nov - Feb 
Eastern mudbanks 
Western mudbanks 
Mar - Apr 
Eastern mudbanks 
Western mudbanks 
5 
5 
5 
6 
0 
1 
0 
2 
0 
1 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
Key: Eastern mudbanks = Central Bank, Eastern Channel and Seaton Channel 
Western mudbanks = Central Channel, Scalloped Mud and Greenabella Bank, 
+ adjacent sites (Greatham Creek and Brinefields) 
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involved individuals feeding initially on mudflats to the west of Central Bank. 
These birds usually moved f rom areas at higher tidal levels (e.g. Scalloped Mud) 
and marginal sites (e. g. the Brinefields creek) to Greenabella Bank or onto the 
eastern parts of Seal Sands. Only in March were movements away f rom the 
eastern mudbanks observed. Thus none of the marked birds feeding (and in most 
cases defending a site (see Section 3. I I . A. 3) ) on the main Low Water feeding area 
of Grey Plovers on Central Bank - Eastern Channel changed site until spring, i f 
at a l l , whereas several of those feeding further west (where ter r i tor ia l i ty was 
infrequent) changed site at least once during the winter. 
Although Low Water sightings of most Grey Plovers feeding on Central 
Bank-north were infrequent, the lack of sightings of these individuals elsewhere 
on Seal Sands at Low Water suggests that they continued to use the same or 
adjacent feeding sites throughout a winter. 
3. I I . A. 1. d. Choice of Low Water feeding site in relation to date of arr ival 
The Low Water distribution of Grey Plovers on Seal Sands indicated that 
certain areas (Eastern Channel and the northern section of Central Bank) were 
f i l l ed in autumn, with other areas being used when numbers were high (Section 2.B). 
It might be supposed that only the later arrivals used these other areas. 
Observations on marked Grey Plovers show the situation to be more complex. 
Marked Grey Plovers arriving during August - October took up regular 
feeding areas not only on the favoured section of Central Bank but also on 
Scalloped Mud, Greenabella Bank and Central Bank - south. Therefore 
although the favoured areas were not yet f i l l ed , some Grey Plovers fed else-
where on Seal Sands. Later arrivals, e.g. W R / O in November, were 
thus able to establish feeding sites in the favoured areas. This was even 
possible when the desired site was already occupied. When W R/O returned 
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to the estuary in late November 1977 it found another individual (believed to 
be a juvenile) feeding in the site in Eastern Channel that W R / O had used 
throughout the previous 2 winters. W R / O chased the other Grey Plover 
back and forth across the feeding site throughout the 20 minutes of observation. 
During this dispute the unmarked bird never flew off, indicating tenacity to the 
site. A l l the adjacent feeding sites were defended by other Grey Plovers, 
particularly when the disputing birds approached their boundaries. The end 
of the dispute was not observed. However 3 days later W R / O was the 
only Grey Plover in that site and it fed there at Low Water until spring. 
In the 2 winters 1976/77 and 1977/78 a total of 7 marked Grey Plovers 
arrived in late December - February, well after the autumn arrival of adults 
and during a peak in the numbers on the estuary. Four of these fed on the 
southern half of Central Bank, i.e. away from the favoured northern section, 
and a fifth fed in a previously unoccupied site in the tidal part of Greatham 
Creek adjacent to Seal Sands. However the other 2 birds (Y L / O , Y L / R ) acquired 
feeding sites in the middle of the favoured northern half of Central Bank, and 
remained there until spring. These 2 Grey Plovers may have either displaced 
or restricted the areas used by other individuals in order to feed in this area. 
(I have no observations to indicate what actually occurred.) 
Sightings of marked Grey Plovers arriving in late December - February 
in the winter of 1978/79 (P. J . Dugan, pers. comm.) confirm the results of 
1977/78. Low Water feeding sites were determined for 7 ringed birds. Two 
arriving in January fed in the softer mud in the southern half of Eastern Channel, 
and 2 fed in the central section of Central Bank, both areas lying to the south 
of the favoured areas. Another 2 mid-winter arrivals fed at Low Water on 
Greenabella Bank, another less favoured area. Only one of the late arrivals 
(Y L/O) managed to acquire a feeding site on a favoured area, Central Bank - north. 
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This bird thus repeated the behaviour it showed after a late arrival in the 
previous winter (see above). 
Since some of the marked Grey Plovers arriving after November acquired 
feeding sites on the favoured areas, eviction of other individuals may have 
occurred. If colour-ringed birds had been evicted a change in their Low Water 
feeding area might have been detected. None of the seasonal changes in Low 
Water feeding sites of ringed birds described above can be related to such 
eviction, although insufficient details are available in some cases. Where 
full details are known, sites vacated by marked birds were not used by other 
individuals. However further, more detailed observations on marked birds are 
required to substantiate this. 
3. II. A. 1. e. Fidelity to a Low Water feeding site between years 
In this section I shall show that marked Grey Plovers tended to return 
to the same Low Water feeding site(s) in successive years. Those on the 
main Low Water feeding area of Grey Plovers were more faithful between years 
to their feeding site than were birds using other parts of Seal Sands at Low 
Water. Most changes in Low Water feeding site were due to the Grey Plover 
choosing an alternative feeding area. However, return to a specific site was 
sometimes prevented by the presence of another Grey Plover feeding there. 
The time of arrival of a bird on Seal Sands did not appear to affect its chances 
of returning to a site, as discussed above. 
The fidelity of marked Grey Plovers to Low Water feeding sites between 
years is set out in Table 3. 26. As some marked Grey Plovers changed their 
Low Water feeding site during a single winter, year-to-year comparisons 
have been made only between Low Water feeding sites used at similar dates. 
Overall, marked Grey Plovers tended to return to the same sections of Seal 
Sands to feed in successive years (20 cases) rather than changing their Low Water 
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Table 3.26 
The fidelity of marked Grey Plovers to a Low Water 
feeding site between years 
Number of 
birds returning 
to same area in 
se cond winter 
1975/76 - 1976/77 
E C h 
GC 
GB 
B 
SM 
1976/77 - 1977/78 
E C h 
SM 
GB 
C B S 
CCh 
'n CB ; 
GC 
B 
1977/78 - 1978/79 
SCh 
SM 
C B 
GB 
C B S 
GC 
E C h 
n 
1 
1 
0 
0 
0 
1 
2 
2 
2 
0 
0 
0 
0 
1 
2 
5 
3 
0 
0 
0 
Number 
returning to 
a different 
area 
0 
0 
1 (SM W ) 
2 (GC;GB) 
0 
0 
0 
0 
0 
1 ( G C / G B ) 
0 
0 
0 
0 
0 
1 (ECh) 
1 (CB) 
1 ( C B n ) 
1 (GB) 
0 
Number 
returning 
but feeding 
area unknown* 
0 
0 
1 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
1 
0 
3 
0 
1 
Number not 
returning to 
Seal Sands in 
second winter 
0 
0 
0 
0 
0 
0 
0 
1 
1 
0 
1 
1 
1 
0 
0 
0 
0 
1 
0 
0 
Key as on Table 3.19 
Data for 1978/79 supplied by P . J . Dugan,(pers. comm.) 
* Birds seen only on roosts or pre-roost gatherings, and not at Low Water. 
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feeding site (8 cases). However the Low Water feeding sites of some marked 
Grey Plovers , which are known to have returned to Seal Sands, were never 
found (Table 3. 26). These may have changed site in the second winter. 
Therefore the number of changes observed may under-represent the actual 
number occurring. 
The comparison between years was most complete for the winters 
1976/77 and 1977/78. Low Water feeding areas for all marked Grey Plovers present 
in both winters were determined and only one bird changed site (during the parts 
of the winter for which comparisons are available) (Table 3. 26). More 
changes were found in comparisons between other years . However it is not 
clear whether this was due to the less extensive observations resulting in 
incomplete information on the feeding areas used by individual birds. Certainly 
observations on these marked Grey Plovers were less frequent during 1978/79 
( P . J . Dugan, pers. comm.). 
The reasons for the changes could sometimes be identified. 
Disturbance by brine drilling operations prevented Grey Plovers from feeding 
on the Brinefields during much of the 1976/77 winter. On Seal Sands one 
marked bird apparently chose a poor feeding area in autumn 1976 and therefore 
did not return to it the following winter. (The area, Central Channel, was 
believec to be poor as it was generally avoided by Grey Plovers (see Section 2. B ) 
and the marked bird actually stopped feeding there in January 1977.) It is not 
known why the other changes in Low Water feeding site occurred. The Grey 
Plovers may have been responding to changes between years in the prey 
distribution and/or density on Seal Sands. The behaviour of some marked 
Grey Plovers immediately after their arr ival on Seal Sands indicates that they 
may have been sampling the different mudflats before choosing a Low Water 
feeding site (see Section 3. n . A . 3 . d, t*to^ ). However there are no trends 
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to or away from particular mudflats in the observed changes in site between 
winters. Therefore gross changes in prey distribution do not seem to have 
occurred. Instead the Grey Plovers may have responded to changes at a 
much finer level. 
Throughout the study birds feeding on the main Grey Plover feeding 
area (Eastern Channel and the northern part of Central Bank) and on Seaton 
Channel were faithful to those areas in the following winter (Table 3. 26), there 
being only one sighting (in 1978/79) or a marked bird apparently changing between 
years . Thus marked birds on these areas were usually faithful to a site both 
throughout a winter (see Section 3. II . A. 1. c. above) and between winters. Site 
fidelity between years was also observed on other feeding areas on Seal Sands 
and also on Greatham Creek (Table 3. 26). However only on Scalloped Mud was 
the frequency of returns to the same site as high as to the main Grey Plover 
feeding area. 
Although many marked Grey Plovers attempted to return to the same 
feeding sites in successive winters, other Grey Plovers had sometimes acquired 
those sites. Two examples were observed. On Scalloped Mud in 1978/79 one 
individual (L W / L ) , although it returned to the same section of Seal Sands in 
August, was unable to use the identical feeding site close to the Reclamation Wall 
until January. This feeding site was occupied by another Grey Plover until 
January when the unmarked bird vacated the site ( P . J . Dugan, pers. comm.). 
L W / L then moved into this site and fed there at Low Water until early spring 
(P. J . Dugan, pers. comm.). A marked birc (W R / O ) which fed in Eastern 
Channel in successive winters had to evict another Grey Plover on arr iva l in 
autumn 1977 in order to regain its feeding site (see Section 3. II . A . 1. d. above). 
Therefore there may be a distinct advantage in occupying the same Low Water 
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feeding site in successive winters if the food resources are s imilar each year. 
If it is advantageous to return to a site but some birds are prevented 
from doing so (e. g. L W / L , 1978/79) because the site has been acquired by 
another Grey Plover, it might be predicted that birds arriving late in the 
winter would be more likely to find their site occupied. This would be 
particularly true for Grey Plovers returning to those areas which were fi l led 
in autumn, Eastern Channel and Central Bank - north. Nevertheless 2 late 
arrivals regained sites on these areas (W R / O in late November, after evicting 
another Grey Plover; Y L / O in early January). For most marked Grey Plovers 
arriving in mid winter the likelihood of their Low Water feeding site being 
occupied was reduced as they took up feeding sites on the sparsely populated 
sections of Seal Sands away from the northern parts of Central Bank and 
Eastern Channel (see Section 3. n . A, 1. d. above). Individual birds showed 
marked consistency in arr iva l date between years (Table 3.6). Therefore each 
year they arrived when roughly s imilar areas of Seal Sands were full of Grey 
Plovers , and similar areas empty. The 3 marked Grey Plovers returning to 
Seal Sands in January - February during the winters of 1976/77 and 1977/78 all 
regained their feeding sites on sparsely populated areas (the southern part of 
Central Bank, and Greatham Creek). 
Ear ly arr iva l on Seal Sands did not ensure that a bird 's Low Water feeding 
site would be unoccupied. Indeed L W / L , the only bird which appears to have 
been excluded from its site, arrived in August. Nevertheless early arr iva l 
anc establishment of a site must reduce the chance of a bird finding its Low 
Water feeding site occupied, and would therefore appear to be advantageous. 
Six Grey Plovers have been observed feeding at Low Water on Seal SandB in 
3 or more years . In each case s imilar sites have been used in successive 
winters (Table 3. 27). One individual (W R / O ) fed in exactly the same site in 
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Table 3.27 
The Low Water feeding sites of individually marked Grey Plovers 
known to feed on Seal Sands in 3 or 4 successive winters 
Individual 
Grey Plover 
W R / O 
L W / L 
O L / O 
Y O/R 
B W / G 
B W / O 
1975/76 
E C h 
G B / S M / B 
GB 
Low Water feeding sites used 
1976/77 1977/78 
E C h 
GB 
C B S 
SM 
GB 
C C h / S M 
E C h 
S M / G B 
C B S 
S M / G B / C B S 
GB 
G B / S M / G C 
1978/79 
? 
S M / G B 
C B n 
S M / G B 
C B / B 
GB 
Six other marked Grey Plovers also returned to Seal Sands in 3 successive 
winters but Low Water feeding sites were determined in only 1 or 2 winters. 
Key as on Table 3.19. 
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Eastern Channel at Low Water more or less throughout 3 winters. Other 
individuals have been faithful to a Low Water site for two winters, but used 
a different site in either the preceding ( L W / L ) or the following winter (O L / O ) . 
A few individuals changed site at least once during a winter (e.g. B W/O) , but 
were faithful between years to the western half of Seal Sands. 
Four Grey Plovers marked and observed when juveniles were also 
seen feeding at Low Water on Seal Sanr.s in subsequent winters. There was a 
marked tendency to feed in the same area(s) as in their f irst winter. Three 
again fed on Scalloped Mud and/or Greenabella Bank. The fourth bird fed on 
Central Bank when a juvenile and also in the subsequent winter, but was seen 
once in its third winter feeding in Eastern Channel ( P . J , Dugan, pers. comm.) , 
possibly indicating a change in feeding area. From these observations there is 
no strong evidence of j uveniles feeding in certain areas and then moving to 
more favoured areas in subsequent winters. 
3. I I . A. l . f . Summary 
Marked Grey Plovers fed on all areas of Seal Sands at Low Water. As 
found for the population as a whole, more than half the Low Water feeding sites 
of marked birds were on the northern halves of Central Bank and Eastern Channel. 
However sub-adults showed a preference for Scalloped Mud and Greenabella Bank. 
The softest muds on Seal Sands were in general avoided by all Grey Plovers. 
Individual birds regularly used the same Low Water site on the northern 
Central Bank and Eastern Channel for periods of several weeks or months. 
Seasonal changes in Low Water feeding site were more frequent amongst birds 
feeding on other areas of Seal Sands. Changes occurred in November 
and from January to Apr i l . The changes before March usually involved movements 
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from higher to lower tidal levels on the western half of Seal Sands, or to the 
eastern half of Seal Sands. Only in spring were movements away from the 
eastern half observed. 
Favoured areas were filled during the autumn but some individuals chose to 
feed elsewhere on Seal Sands even before filling was completed. Most of the later 
arr ivals fed in previously unoccupied areas, but some acquired sites on the wel l -
populated areas. Displacement of individuals on preferred areas did occur. 
Marked Grey Plovers tended to return to the same Low Water feeding 
site(s) in successive years . Those on the main Grey Plover Low Water feeding 
area were more faithful between years than those using other parts of Seal Sands„ 
Marked birds were able to regain their Low Water feeding site even if they 
arrived in mid winter (see Section 3. II. A. 1. e). 
3. I I . A. 2. Feeding sites used during the tidal cycle 
The feeding sites described in the previous section were used during the 
Low Water period (i. e. approximately 1 hour either side of true Low Water) when 
the maximum area of mud is exposed. On either side of this period the overall 
distribution of the Grey Plover population changes with the ebb and flow of the tide 
(Section 2 . B . 3). However individual birds showed several patterns of movement 
not revealed by the general changes in distribution discussed in Section 2 . B . 
3 . I I . A . 2. a. Sites used 
Eastern Channel tide edge - As the tide falls , the f irst feeding area to be 
exposed is the sandy eastern edge of Eastern Channel. Prey density was much 
lower here than in the centre of Eastern Channel and on Scalloped Mud and 
Central Bank, during the winter of 1977/78 (Appendix 4-). Therefore Grey Plovers 
would not have been expected to feed there under most conditions except if they 
were short of feeding time. However in conditions which lowered their rate of 
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prey capture (e.g. low temperature, strong winds) or increased their energy 
requirements (e.g. low temperature, strong winds, preparation for migration, 
recent arr ival after migration) feeding along this part of Eastern Channel might 
have been expected to occur in order to increase the feeding time available. 
The sightings of marked Grey Plovers feeding at/near the Eastern 
Channel tide edge on the ebb tide could be correlated only with certain of these 
conditions. Three marked juveniles fed along the Eastern Channel tide edge 
just before their emigration from the estuary in October - November 1977. 
These juvenile Grey Plovers may have been using this extra feeding time to 
build up fat reserves prior to migration. Alternatively their presence along 
Eastern Channel may have indicated difficulty in obtaining sufficient food on 
the main mudflats, this difficulty leading to emigration. In contrast there 
were no known cases where a markeo bird fed along Eastern Channel on the 
ebb tide immediately following its arr iva l on the estuary, even though its 
energy requirements would then also be high. 
There was no correlation between feeding by marked birds on the ebb 
tide on the Eastern Channel tide edge and periods of low temperature and/or 
strong winds. During 1977/78 Eastern Channel ebb tide feeding was observed 
amongst marked birds mainly from September to December (Table 3. 28). It 
was shown by 9 of the 14 marked Grey Plovers present during August - December 1977 
but by only 1 of the 19 present during January - Apri l 1978, even though the worst 
weather and the peak in number of marked birds on the estuary both occurred in 
February. 
Feeding along the edge of Eastern Channel on a falling tide was not 
influenced by the Low Water feeding area of the individual. It was shown by 
marked bircs that fed at Low Water on all the feeding areas of Grey Plovers on 
Seal Sands, and by both territorial and non-territorial birds. No marked 
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Table 3.28 
The occurrence amongst marked Grey Plovers 
of feeding along the Eastern Channel tide edge 
on the ebb tide during 1977/78 
Number of days on 
which Eastern Channel 
tide edge checked for 
birds 
Number of days on which 
marked Grey Plovers 
seen feeding there 
A S O N D 
1 2 3 2 2 
0 2 1 1 2 
J F M Total 
i .. 
3 2 2 17 
0 1 0 7 
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Grey Plover regularly fed on the Eastern Channel tide edge on the ebb tide 
through the winter, and most individuals were seen feeding there only once 
or twice (Table 3. 29). Therefore individual birds used the extra feeding 
time available on the ebb tide only on certain occasions, perhaps when they had 
difficulty meeting their energy requirements on the main mudflats. 
Central Bank and Scalloped Mud - Before discussing the adaptiveness of the 
behaviour of marked Grey Plovers I shall outline again the movements of the 
population described in full in Section 2 .B . 3. The f irst large areas of mudflats 
to be exposed on the ebb tide are Central Bank and Scalloped Mud. The Grey Plovers 
flew over to these from their roosts, or from feeding sites along Eastern Channel, 
once an area of relatively unoccupied mud was available. Later in the tidal 
cycle the ebbing tide exposes the lower mudflats, Eastern Channel, Greenabella 
Bank, Central Channel and Seaton Channel, and the lower parts of Central Bank 
and Scalloped Mud. Many Grey Plovers moved to these mudflats once uncovered, 
although some remained on the higher mudflats. 
On the ebb tide, when its Low Water feeding area is sti l l covered, a 
Grey Plover must feed either on Scalloped Mud or Central Bank. It would be 
expected that, if prey density is more or less uniform over the exposed mudflats, 
an individual Grey Plover should feed at this stage on the tide on the area closest 
to its Low Water feeding site under most conditions. It would thereby minimise 
the distance it had to fly (thus saving time and energy) once the lower mudflats 
became exposed. The predicted routes are shown in F ig . 3.14. 
This hypothesis was tested using the observations on marked Grey Plovers. 
Once the ebbing tide exposed the higher parts of Central Bank and Scalloped Mud 
marked Grey Plovers did indeed feed on both areas, in both 1976/77 and 1977/78. 
However, although some individuals used only one of these sites on the ebb tide 
throughout a winter, 67 per cent of those whose feeding sites were identified 
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Table 3.29 
The frequency of feeding along the Eastern Channel 
tide edge amongst marked Grey Plovers, during 3 winters 
Ebb tide 
1977/78 
1976/77 
1975/76 
Number of 
marked Grey 
Plovers present 
on the estuary 
22 
32 
6 
Total 
number 
seen 
Number 
seen 
once 
Number 
seen 
twice 
Number 
seen 
three 
times 
Flood tide 
1977/78 
1976/77 
1975/76 
22 
32 
6 
Roost site 
— > Predicted movements between areas 
C Z D First areas exposed by ebbing tide 
C 3 Areas exposed at Low Water 
CB Central Bank 
CCh Central Channel 
ECh Eastern Channel 
GB Greenabella Bank 
S Ch Seaton Channel 
SM Scalloped Mud 
Figure 3.14 The predicted routes of Grey Plovers across Seal 
Sands on the ebb tide, if travel time and distance 
are to be minimised. 
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in 1977/78 and at least 37 per cent of those in 1976/77 (when fewer observations 
were possible) used both Central Bank and Scalloped Mud at some time (Table 3. 30). 
Many individuals showed clear seasonal changes in their choice of feeding area 
on the ebb tide during the 1977/78 winter (see below). However no seasonal 
changes occurred between August and December 1977. During this period the 
predicted relationship between Low Water and ebb tide feeding sites was found 
to be true (Fig. 3.15). The ebb tide sites used by marked Grey Plovers feeding 
at Low Water on Scalloped Mud and Greenabella Bank were significantly 
different (exact probability test, P = 4.76 per cent) from those used by birds 
feeding at Low Water on Central Bank, Eastern Channel, and Seaton Channel. 
This applied both to birds moving to lower tidal levels (e. g. to Seaton Channel) 
and to those which continued to feed on higher areas of Scalloped Mud or Central 
Bank adjacent to the mudflats f irs t exposed by the tide. 
After December 1977 a greater variety of patterns of movement occurred 
on the ebb tide (Fig. 3.15). On at least some days individual Grey Plovers 
did not minimise the distance flown between feeding areas on Seal Sands. The 
reasons for this will be discussed below. 
The data for the winter of 1976/77 show a s imi lar relationship between 
Low Water and ebb tide feeding sites (Fig. 3.15). However the difference between 
the ebb tide sites used by marked Grey Plovers feeding at Low Water on 
"Scalloped Mud and Greenabella Bank" and those feeding at Low Water on 
"Central Bank, Eastern Channel and Seaton Channel" is significant only at the 
10 per cent level (exact probability test, P s 6. 66 per cent). Most of the 
observations refer to the period February to March, as few marked birds 
were available before February. 
The data for autumn and winter 1976/77 and autumn 1977 therefore support 
the hypothesis that most Grey Plovers choose ebb tide feeding sites that minimise 
Table 3.30 
The feeding sites used by marked Grey 
Plovers on the ebb tide during 2 winters 
Ebb tide feeding sites Number of marked Grey Plovers 
1977/78 1976/77 
Scalloped Mud 4 4 
Central Bank 2 8 
Scalloped Mud and 
Central Bank 12 7 
Unknown 4 12 
22 31 
From Scalloped Mud to 
Low Water feeding sites 
From Central Bank to 
Low Water feeding sites 
1977-78 Aug-Dec 
/ 
1 
1 
1 
1977-78 Jan-Apr 
1 1 
8 
1 1 
2'> 
1976-77 
V 1 1 r 1 
SCh 
1 
Mudbanks of Seal Sands ECh •tch 
(Key as on Table 3.19) CB GB 
'SM 
Figure 3 . lb The movements of marked Grey Plovers between 
feeding sites on the ebb tide, during two winters. 
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their flying distances across the main mudflats of Seal Sands. Exceptions to 
this pattern were rare . However Grey Plovers did not choose an ebb tide 
feeding site specifically to minimise fly'ng time between the High Water roost 
and the first feeding site used. This may have been because few roosts were 
available and human disturbance led to frequent changes in roost site, even 
during a single High Water period. 
It was shown earl ier in this Section (Fig. 3.12) that in 1977/78 6 marked 
Grey Plovers had Low Water feeding sites on the lower mudflats, i . e . Eastern 
Channel, Greenabella Bank, and Seaton Channel which were still covered when 
the higher parts of Scalloped Mud and Central Bank were f irst exposed. Eight 
others fed at Low Water on the lower parts of Central Bank. Nine birds fed at 
Low Water either on the highest parts of Scalloped Mud and Central Bank or on 
adjacent lower areas which could be reached simply by walking from these highest 
mudbanks. These birds had at the most a short walk from their ebb tide feeding 
site to that used at Low Water. In contrast those that moved to lower mudflats 
had to fly up to 1 kilometre between ebb tide and Low Water feeding sites. A 
return movement from the lower to the higher mudflats occurs on the flood tide 
(see below). Therefore I have termed the cycle of movements a feeding circuit , 
regardless of whether or not a bird retraces its path exactly on the flood tide. 
The advantages of a feeding circuit - As the majority of marked Grey Plovers 
followed feeding circuits this behaviour would be expected to confer some 
advantages to the birds. Three possible advantages are: 
1. If the Grey Plovers are spread out across the main mudflats at 
Low Water rather than being concentrated on the higher mudflats the 
density of feeding Grey Plovers will be reduced. An individual Grey Plover 
will then suffer fewer interactions with other Grey Plovers. (This wil l 
also enable some birds to continue feeding on the higher mudflats - see 
Section 3 . in ."b. a . ) 
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2 . T h e p r e y d e n s i t y m a y be h i g h e r on the l o w e r m u d f l a t s . 
3. M o v i n g t o l o w e r m u d f l a t s m a y f a c i l i t a t e p r e y c a p t u r e even i f p r e y 
d e n s i t y does not v a r y a c r o s s Seal Sands. T h e dens i ty o f a v a i l a b l e 
p r e y ( i . e. the n u m b e r o f p r e y pe r u n i t a r e a a v a i l a b l e on the s u r f a c e at any 
m o m e n t to be c a p t u r e d b y the G r e y P l o v e r ) on a reas o f s i m i l a r p r e y 
dens i ty and s i m i l a r s u b s t r a t e i s b e l i e v e d to be h i g h e r i n m o r e r e c e n t l y 
exposecl s i t e s than on those exposed e a r l i e r i n the t i d a l c y c l e (see 
3 . t L . b . i . ) . B y m o v i n g t o l o w e r m u d f l a t s as they a r e exposed , a G r e y 
P l o v e r w i l l p r e s u m a b l y keep i n a reas w h e r e the a c t i v i t y of the p r e y 
i s h i g h . 
P r e y dens i t y on Seal Sands - The m a i n i n v e r t e b r a t e p r e y spec ies on Seal 
Sands w e r e s a m p l e d d u r i n g the 1977 /78 w i n t e r ( p e r s . obs . (see A p p e n d i x 4) and 
P . J . Dugan , p e r s . c o m m . ) . C o n s i d e r i n g the f e e d i n g a reas used by G r e y P l o v e r s , 
no m a j o r and c o n s i s t e n t d i f f e r e n c e s i n the d e n s i t y o f N e r e i s d i v e r s i c o l o r ( the 
m a i n p r e y o f G r e y P l o v e r s on Seal Sands d u r i n g the s tudy) w e r e f o u n d be tween 
t h e h i g h e r m u d f l a t s (the s o u t h e r n p a r t s of C e n t r a l B a n k and Sca l l oped Mud) 
and the a reas exposed l a t e r i n the t i d a l c y c l e ( G r e e n a b e l l a B a n k , E a s t e r n C h a n n e l , 
Seaton C h a n n e l , C e n t r a l B a n k - n o r t h ) . T h e r e f o r e the o b s e r v e d m o v e m e n t s 
b e t w e e n f e e d i n g a reas m u s t be r e sponses t o d i f f e r e n c e s i n a v a i l a b i l i t y r a t h e r 
than abso lu te dens i t y . 
T i m i n g o f m o v e m e n t s b e t w e e n f e e d i n g a reas - T o m a x i m i s e these p r o p o s e d 
advantages the G r e y P l o v e r s shou ld m o v e t o the l o w e r f e e d i n g areas as soon 
as they b e c o m e exposed . On the f l o o d t i d e they s h o u l d con t inue t o f e e d on 
t h e i r L o w Wate r s i t e s u n t i l pushed o f f by the t i d e . A l t h o u g h the dens i ty o f 
a v a i l a b l e w o r m s on t h i s s i t e w o u l d have d r o p p e d d u r i n g the L o w W a t e r p e r i o d 
(see 3 . I T T X z . ) i t s h o u l d s t i l l be h i g h e r than tha t on the h i g h e r m u d f l a t s ( a s s u m i n g 
p r e y d e n s i t y and s u b s t r a t e a r e s i m i l a r ) . 
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T h e o b s e r v e d b e h a v i o u r o n l y p a r t l y s u p p o r t s t he h y p o t h e s i s . In a l l 
3 w i n t e r s the t i m i n g o f the m o v e m e n t was d e t e r m i n e d by the L o w W a t e r f e e d i n g 
s i t e used as de tec ted in the m o v e m e n t s of u n m a r k e d G r e y P l o v e r s (Sect ion 2 . B ) . 
M a r k e d b i r d s m o v e d to E a s t e r n C h a n n e l , Seaton Channe l and C e n t r a l B a n k - n o r t h as 
soon as they w e r e exposed by the t i d e . On bo th E a s t e r n Channe l and C e n t r a l 
B a n k - n o r t h G r e y P l o v e r s have been o b s e r v e d s t a n d i n g on t i n y r i d g e s o f m u d 
s u r r o u n d e d by s h a l l o w w a t e r w a i t i n g f o r the t i d e to u n c o v e r t he r e s t o f t he m u d . 
In c o n t r a s t , m o v e m e n t to G r e e n a b e l l a B a n k u s u a l l y o c c u r r e d s o m e t i m e a f t e r 
t he f i r s t m u d had been exposed , and m i g h t be de layed u n t i l 2 h o u r s l a t e r (see 
Sec t i on 3. I I . A . l . b above) . T h i s was p a r t i c u l a r l y t r u e of 2 m a r k e d b i r d s 
d u r i n g the w i n t e r o f 1 9 7 5 / 7 6 , b u t a l so a p p l i e d t o o t h e r b i r d s i n t he f o l l o w i n g 
w i n t e r s . B e h a v i o u r on S c a l l o p e d M u d anc C e n t r a l B a n k - sou th was m o r e v a r i a b l e . 
Some i n d i v i d u a l s (e. g . L W / L , O L / O ) m o v e d i m m e d i a t e l y t o t h e i r L o w W a t e r 
f e e d i n g s i t e s as soon as t hey w e r e exposed . O t h e r s , whose L o w W a t e r f e e d i n g 
s i t e s changed q u i t e f r e q u e n t l y d u r i n g the w i n t e r ( e . g . Y O / R , T^AoU. 'b.X'b 
above) , tended to m o v e g r a d u a l l y f r o m t h e i r f e e d i n g s i t e on the ebb t i d e to the 
a r e a used a r o u n d L o w W a t e r . 
On the f l o o d t i d e t h e t i m i n g o f the m o v e m e n t f r o m a L o w W a t e r f e e d i n g 
s i t e t o the h i g h e r p a r t s o f S c a l l o p e d M u d o r C e n t r a l B a n k was again d e t e r m i n e d 
b y the L o w W a t e r s i t e . M a r k e d b i r d s on E a s t e r n C h a n n e l , the banks o f Seaton 
C h a n n e l , the n o r t h e r n p a r t o f C e n t r a l B a n k and the s o u t h e r n p a r t o f Sca l l oped 
M u d a l l r e m a i n e d on t h e i r L o w W a t e r f e e d i n g s i t e , w h e t h e r f e e d i n g o r r o o s t i n g , 
u n t i l pushed o f f by the t i d e . H o w e v e r those on G r e e n a b e l l a B a n k o f t e n f l e w 
o v e r to Sca l loped M u d (or to C e n t r a l Bank) b e f o r e the t i d e had c o v e r e d a l l the 
a v a i l a b l e f e e d i n g a reas on G r e e n a b e l l a B a n k . These i n d i v i d u a l s f r e q u e n t l y f e d 
on S c a l l o p e d M u d as soon as they l anded . T h e r e f o r e they d i d no t l e ave G r e e n a b e l l a 
B a n k because they had c o m p l e t e d t h e i r f e e d i n g . P e r h a p s f e e d i n g on G r e e n a b e l l a 
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B a n k had b e c o m e l e s s p r o f i t a b l e than on Sca l loped M u d . 
C l e a r l y the b e h a v i o u r o f G r e y P l o v e r s f e e d i n g at L o w W a t e r on G r e e n a b e l l a 
B a n k d i f f e r s f r o m tha t of b i r d s e l s e w h e r e on Seal Sands. L a r g e n u m b e r s o f 
w a d e r s of o the r spec ies f e d at h i g h dens i ty a t / n e a r the t i d e edge of G r e e n a b e l l a 
B a n k (and a lso on C e n t r a l Channel ) on bo th ebb and f l o o d t i d e s (Sect ion 2 . ) . 
T h e o t h e r a reas used by G r e y P l o v e r s at L o w W a t e r ( n o r t h e r n C e n t r a l B a n k , 
S c a l l o p e d M u d , E a s t e r n C h a n n e l , Seaton Channel ) s u p p o r t f e w e r w a d e r s , a r e 
m u c h f l a t t e r than G r e e n a b e l l a B a n k and do no t ex tend down to l o w t i d a l l e v e l s . 
T h e t i d e m o v e s a c r o s s t h e m v e r y s w i f t l y and the w a d e r s f e e d i n g at the t i d e 
edge soon m o v e o f f to o t h e r m u d f l a t s , p a r t i c u l a r l y G r e e n a b e l l a B a n k and C e n t r a l 
C h a n n e l , T h e r e f o r e c r o w d i n g by o the r spec ies o f w a d e r s c o u l d be a p r o b l e m to 
G r e y P l o v e r s o n l y on G r e e n a b e l l a B a n k . 
I t i s known tha t G r e y P l o v e r s avo ided m u d f l a t s w i t h a h i g h d e n s i t y o f 
f e e d i n g b i r d s (Sect ion 2 . B ) , p r o b a b l y because o f the g r e a t l y i n c r e a s e d 
d i s t u r b a n c e o f bo th the p r e y and o f the s e a r c h i n g of the G r e y P l o v e r (Sect ion 3. tt b.a). 
On G r e e n a b e l l a B a n k t h i s d i s t u r b a n c e p r e s u m a b l y o u t w e i g h e d the advantage o f 
t he h i g h e r d e n s i t y o f a v a i l a b l e p r e y t h e r e . 
C h o i c e o f f e e d i n g s i t e on the f l o o d t i d e - T h e G r e y P l o v e r s f e e d i n g on the 
h i g h e r m u d f l a t s o f S c a l l o p e d M u d and C e n t r a l B a n k at L o w W a t e r f l e w f r o m t h e r e 
t o t h e i r r o o s t ( s ) when pushed o f f by the i n c o m i n g t i d e . Those on the l o w e r 
m u d f l a t s ( e . g . E a s t e r n C h a n n e l , G r e e n a b e l l a Bank) m o v e d t o e i t h e r C e n t r a l 
B a n k o r Sca l loped M u d , w h e r e they f e d (or r oos t ed ) u n t i l Seal Sands was 
c o v e r e d by the t i d e . I t w o u l d be expec ted tha t G r e y P l o v e r s w h i c h w e r e s t i l l 
f e e d i n g shou ld m i n i m i s e the d i s t ance f l o w n be tween m u d f l a t s , as on the ebb t i d e . 
T h e p red i c t ec r o u t e s on the i n c o m i n g t i d e w o u l d thus be the r e v e r s e o f those 
shown i n F i g . 3.14, 
Some m a r k e d G r e y P l o v e r s used o n l y one of these 2 s i t e s t h r o u g h o u t a 
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w i n t e r (Tab l e 3. 31). H o w e v e r 50 p e r cent o f the m a r k e d b i r d s i n 1977 /78 and 
at l e a s t 24 pe r cent i n 1976/77 (when f e w e r o b s e r v a t i o n s w e r e p o s s i b l e ) u sed 
b o t h C e n t r a l B a n k and Sca l loped M u d on the f l o o d t i d e at s o m e t i m e d u r i n g the 
w i n t e r . In many cases b i r d s changed t h e i r f l o o d t i d e f e e d i n g s i t e d u r i n g a w i n t e r , 
i n a s soc i a t i on w i t h changes i n L o w W a t e r s i t e (see nex t s e c t i o n ) . Even though 
seasona l changes o c c u r r e d , the p r e d i c t e d r e l a t i o n s h i p be tween L o w W a t e r and 
f l o o d t i d e f e e d i n g s i t e s was shown f o r t w o p e r i o d s ( F i g . 3 ,16) . The f l o o d t i d e 
f e e d i n g s i t e s used by m a r k e d G r e y P l o v e r s f e e d i n g at L o w W a t e r on "Sca l l oped 
M u d and C e n t r a l B a n k " w e r e s i g n i f i c a n t l y d i f f e r e n t f r o m those used by b i r d s 
f e e d i n g at L o w W a t e r on " C e n t r a l B a n k , E a s t e r n Channe l and Seaton C h a n n e l " , 
d u r i n g 1976/77 (exact p r o b a b i l i t y t e s t f o r 2 x 2 con t i ngency t a b l e , P = 1 . 52 p e r cent ) 
and J anua ry - A p r i l 1978 (P = 2 . 86 p e r c e n t ) , bu t n o t d u r i n g A u g u s t - D e c e m b e r 
1977 (P = 7. 40 p e r cen t ) . 
L o n g e r m o v e m e n t s b y m a r k e d Grey P l o v e r s on the f l o o d t i d e , f r o m 
Sca l l oped M u d and G r e e n a b e l l a B a n k to the h i g h e r p a r t s C e n t r a l B a n k , w e r e 
m o r e f r e q u e n t than expec t ed ( F i g . 3 .16) . On a r r i v i n g on C e n t r a l B a n k these 
m a r k e d G r e y P l o v e r s r e s u m e d t h e i r f e e d i n g . C e n t r a l B a n k was the m a i n c o l l e c t i n g 
a r e a f o r n o n - f e e d i n g G r e y P l o v e r s b e f o r e g o i n g t o r o o s t . I f the m a r k e d b i r d s 
soon c o m p l e t e d t h e i r f e e d i n g ( th i s was no t d e t e r m i n e d ) the advantages of 
j o i n i n g the m a i n r o o s t m a y have o u t w e i g h e d the d i sadvan tage of the l o n g e r f l i g h t . 
P r e s e n c e in the m a i n r o o s t m u s t c o n f e r some advantages ( p o s s i b l y p r o t e c t i o n 
f r o m p r e d a t o r s ) as n o n - f e e d i n g G r e y P l o v e r s a l so f l e w f r o m Sca l l oped M u d t o 
C e n t r a l B a n k on the f l o o d t i d e . 
Once Sca l loped M u d and C e n t r a l B a n k w e r e c o v e r e d by the i n c o m i n g t i d e , 
s o m e G r e y P l o v e r s m o v e d t o the P e n i n s u l a Sands. H o w e v e r f e e d i n g a long the 
n e a r b y E a s t e r n Channe l t i d e edge was o b s e r v e d amongs t m a r k e d G r e y P l o v e r s 
o n l y t w i c e d u r i n g the s t u d y , d u r i n g Sep tember 1978. B o t h o f the b i r d s i n v o l v e d , 
T a b l e 3 . 3 1 
The f e e d i n g s i t e s used by m a r k e d G r e y P l o v e r s 
on the f l o o d t i d e d u r i n g 2 w i n t e r s 
E b b t i d e f e e d i n g s i t e s N u m b e r o f m a r k e d G r e y P l o v e r s 
1977 /78 1976/77 
Sca l l oped M u d 0 4 
C e n t r a l B a n k 9 9 
S c a l l o p e d M u d and 
C e n t r a l B a n k 9 4 
Unknown 4 14 
22 31 
From Low Water feeding 
sites to Scalloped Mud 
1977-78 
/ 
1 
From Low Water feeding 
sites to Central Bank 
Aug-Dec 
1 
1 
1 \ 
1 
1977-78 Jan-Apr 
r 1 1 M 2 1 
1976-77 
7 1 13 1 
SCh 
Mudbanks of Seal Sands 
ECh iCCb' CB ( Key as on Table 3.19) 
SM 
• 
F i g u r e 3. 16 T h e m o v e m e n t s of m a r k e d G r e y P l o v e r s between 
f e e d i n g s i t e s on the f l o o d t i d e , d u r i n g t w o w i n t e r s . 
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one second w i n t e r and one adu l t , s t ayed on the e s t u a r y f o r the r e s t of the 
w i n t e r . 
3. I I . A . 2 . b . S e a s o n a l changes i n f e e d i n g s i t e s u sed d u r i n g the t i d a l c y c l e 
Changes i n f e e d i n g s i t e s used on the ebb and f l o o d t i des w e r e o b s e r v e d 
d u r i n g b o t h the 1976/77 and 1977/78 w i n t e r s . Ebb and f l o o d t i d e f e e d i n g s i t e s 
changed m o r e f r e q u e n t l y than L o w W a t e r f e e d i n g s i t e s . Some w e r e l o n g - t e r m 
changes l a s t i n g weeks o r m o n t h s , w h e r e a s o t h e r s o c c u r r e d on on ly one o r t w o 
days , the b i r d s then r e v e r t i n g t o t h e i r o r i g i n a l f e e d i n g s i t e s . 
L o n g - t e r m changes - i t was shown i n the l a s t s ec t i on tha t the f e e d i n g 
s i t e s used on the ebb and f l o o d t i d e s w e r e g e n e r a l l y d e t e r m i n e d by those u s e d 
at L o w W a t e r . M o s t m a r k e d G r e y P l o v e r s t h e r e b y r e d u c e d t o a m i n i m u m the 
d i s t a n c e they t r a v e l l e d be tween f e e d i n g s i t e s on Seal Sands. Some m a r k e d 
G r e y P l o v e r s changed t h e i r L o w W a t e r f e e d i n g s i t e d u r i n g a w i n t e r (see 
Sec t ion 3. I I . A . I . e . above) . T h e r e f o r e , i f G r e y P l o v e r s a t t e m p t t o m i n i m i s e 
t h e i r t r a v e l l i n g t h r o u g h o u t t he w i n t e r , p r e d i c t i o n s can be m a d e o f changes i n 
ebb and f l o o d t i d e f e e d i n g s i t e s tha t s h o u l d be a s s o c i a t e d w i t h the changes at 
L o w W a t e r . F o r e x a m p l e , a b i r d chang ing i t s L o w W a t e r f e e d i n g s i t e f r o m 
G r e e n a b e l l a B a n k t o E a s t e r n Channe l ( e . g . W R / O , 1976/77 , T a b l e 3 .23) 
s h o u l d f e e d on the ebb and f l o o d t i d e s on the h i g h e r m u d f l a t s o f C e n t r a l B a n k 
in s t ead o f on S c a l l o p e d M u d . H o w e v e r i f a G r e y P l o v e r changed to f e e d at 
L o w W a t e r on G r e e n a b e l l a B a n k i n s t e a d of on Sca l l oped M u d (e. g . Y O / R , 1977/78 , 
T a b l e 3. 23) i t s h o u l d s t i l l f e e d on the h i g h e r p a r t s o f S c a l l o p e d M u d , as b e f o r e , 
when G r e e n a b e l l a B a n k i s c o v e r e d . 
These p r e d i c t i o n s w e r e t e s t e d on the m a r k e d G r e y P l o v e r s t h a t changed 
t h e i r L o w W a t e r f e e d i n g s i t e s d u r i n g a w i n t e r (1 i n 1975/76, 3 in 1976/77, 5 i n 
1977/78 , T a b l e 3. 23) . I n f o r m a t i o n c o u l d be used f r o m those m a r k e d b i r d s f o r 
w h i c h the ebb and f l o o d t i d e f e e d i n g s i t e s u sed w i t h each L o w W a t e r s i t e h a d been 
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d e t e r m i n e d . F r o m T a b l e s 3. 32 and 3. 33 i t can be seen tha t the m a j o r i t y of 
L o w W a t e r changes i n L o w W a t e r f e e d i n g s i t e w e r e a c c o m p a n i e d by the p r e d i c t e d 
changes at o the r s tages o f the t i d a l c y c l e , thus m i n i m i s i n g the f l y i n g d i s t a n c e . 
A l t h o u g h m o s t L o w W a t e r s i t e changes de tec ted amongs t the m a r k e d G r e y 
P l o v e r s d u r i n g the s tudy w e r e a c c o m p a n i e d by changes i n ebb and f l o o d t i d e 
f e e d i n g s i t e s , a d d i t i o n a l , a p p a r e n t l y p e r m a n e n t , changes on ebb and f l o o d t i d e s 
w e r e a lso o b s e r v e d . In s o m e cases the L o w W a t e r s i t e s used by the m a r k e d 
b i r d w e r e not d e t e r m i n e d . In o t h e r s the b i r d s w e r e c l e a r l y f l y i n g f u r t h e r 
than the m i n i m u m d i s t ance be tween m u d f l a t s . On the ebb t i d e 4 such changes 
w e r e o b s e r v e d d u r i n g the 1977/78 w i n t e r and 1 in 1976 /77 ; 4 of these 5 o c c u r r e d 
be tween m i d M a r c h and A p r i l . Of the changes i n f e e d i n g s i t e on the f l o o d t i d e 
(5 in 1977/78 , 2 i n 1976/77) 3 o c c u r r e d i n A p r i l . On b o t h ebb and f l o o d t i d e s 
i n 1976/77 and on the f l o o d t i d e s i n 1977/78 the changes w e r e a l l f r o m S c a l l o p e d 
M u d t o C e n t r a l B a n k . P e r h a p s G r e y P l o v e r s had d i f f i c u l t y i n c a p t u r i n g 
s u f f i c i e n t p r e y on S c a l l o p e d M u d i n s p r i n g . H o w e v e r on the ebb t i d e s b i r d s 
changed i n bo th d i r e c t i o n s i n the s p r i n g o f 1978. P o s s i b l y these changes i n 
s p r i n g w e r e due t o a change i n s o c i a l o r g a n i s a t i o n , caused f o r e x a m p l e by 
f o o d s h o r t a g e , pa tchy d i s t r i b u t i o n o f p r e y o r i m m i n e n t e m i g r a t i o n . (These ideas 
W ' I U b«- d i s c u s s e d i n m o r e d e t a i l Loi«j- i n t h i s C h a p t e r (Sect ion 3. I I . A . 3 . a ) ) . 
Sho r t t e r m changes - A l t h o u g h m o s t G r e y P l o v e r s a t t e m p t e d to m i n i m i s e 
t h e i r t r a v e l l i n g be tween f e e d i n g s i t e s on Seal Sands f o r m u c h of the w i n t e r , unde r 
c e r t a i n c o n d i t i o n s t h i s a t t e m p t was t e m p o r a r i l y abandoned. B y m o v i n g to l o w e r 
m u d f l a t s G r e y P l o v e r s can f e e d in a reas o f h i g h p r e y a v a i l a b i l i t y . B y f l y i n g the 
s h o r t e s t d i s tance be tween m u d f l a t s they a l l o w m o r e t i m e f o r f e e d i n g and keep down 
e n e r g e t i c cos t s . H o w e v e r i f the r a t e of p r e y c a p t u r e on the ebb t i d e m u d f l a t w h i c h 
i s c l o s e s t to the L o w W a t e r s i t e i s m a r k e d l y r e d u c e d (by d i s t u r b a n c e ) b e l o w tha t on 
o t h e r m o r e d i s t ance m u d f l a t s , the advantage o f m i n i m i s i n g t r a v e l d i s t ance m a y be 
— • 
6 > 
o T3 o 
0 O 
0) DO 0 
E ^c CD 
•r-i CO • P 
03 
i—l 
a 
< 
CO 
0 
X I 
c 
CO 
•-3 
205 
bo 
0 • H . A 
ill W) 'a 
CO c v.-
X> a' O 
A ' •—1 
C'1 • 
co to 
co 
T3 
O 
O 
bO X 
C. 0) 
-p 
CO 
I—f 
X 
• 0 • 
r 7 ( X 
CO CD 
£ n 
-v u TJ 
• H CO • H £ E 
> 
o 
0 
~P 
CO 
0 
T3 -P 
C G 
CO - H 
13 
X ! 
X i CO 
0 
C C 
• H 
CD T3 
W> 
C -
CO W 
x ^ 
U CD 
> 
T3 O 
0 
> a, 
CD > > 
CO 0 
X ) SH 
o a 
c a) 
co x 
T 3 CO 
CD E 
-P 
O -P 
• H m 
CO 
c 
CD 
0 
CD 
X 
T3 c CD U 
CD • H T3 
> • H CD ' \ C Q 
CD -p -P CO o o 
<D M • H 1 1 1 1 1 A •J] C X ! LO t t X ! CO X 1 1 1 
o X CD 
o 03 s O CO CO 
H C T l 41 
0 - H O -P 
- P O - H 
O CD —I CO 
• H DO <M 
T ) C \ CJ 
a> co x t3 
r-. X X - H 
a. u (D - P 
M 
CM CD 
O -P 
CO 
CD 3 
E 
• H ^ 
fH O 
CD 
C 
CO 
x: 
o 
C ""CI 
CQ 
PQ 
u 
co 
S PQ PQ s CQ CQ 
1 1 1 1 
CO 
1 
CO 
t 
O 
T 
O 
t 
CO 
t 1 
O 
t 
O 
T 
CO 
t 1 1 I 
s 
I 
m 
I 
s 
I 1 
m 
1 
s 
1 
s 
1 
m 
CO o CO CO o co CO 
u X) X 
• > CO c • • 0 Cfl > 0 » a > O cfl u < c &H S o X < o 2 cO CO 2 0 2 >> >> • " J >5 >> >> (D <—1 CD I — I 1—1 i— i 0 rH • r-l 
T3 •P u -P -o T ) u -P 5H r- u 
• H CO CO CO c CO •rH CO CO cfl cfl cfl cO • H cO 
E i—1 CD 1—1 0 0 E 0 0 0 i — ! 0 <-> E 0 
X 
M 
P 1 
CO 
^c 
0 
0 
X 
EH CD 0 
0 
•P 
C 
m 
C5 
p PQ 0 
c CO a CO s PQ Cu CO o 
X t CJ |5 r 1 t f O 1 \ 
• J 0 
1; ^ S PQ o 
CO CO O o 
co 
ts 
CD 
c 
• I - l 
u 
0 
TJ 
C 
CO 
3 
pa 
o 
0 s 
co 
c 
•r-l 
0 
c 
cfl 
PQ 
O 
CQ 0 
O CQ S 
t 
U w 
i 
0 
T T 
CQ CQ 
C O O O 
3 
S 
CO 
u 
CD 
CO 
! > 
C D 
C D 
X 
O 
Ld 
CQ 
PQ 
o 
t 
co 
X 
o 
o 
CQ 
CQ 
PQ 
O CQ 
CD 
L O 
cn 
co 
0 
r—I 
XI cfl 
E-H 
C 
O 
to 
CO 
>> 
0 
fad 
206 
T a b l e 3 .33 
G r e y P l o v e r f e e d i n g s i t e s : the c o r r e l a t i o n be tween 
changes at L o w W a t e r and changes on the ebb and 
f l o o d t i d e s , f o r m a r k e d G r e y P l o v e r s , d u r i n g 3 w i n t e r s 
T o t a l n u m b e r 
o f L o w W a t e r 
changes o b s e r v e d 
D i d the p r e d i c t e d changes in f e e d i n g s i t e o c c u r ? 
Ebb T i d e F l o o d T i d e 
Yes No Un k n o wn Yes No U n k n o w n 
1 9 7 7 / 7 8 
1976/77 
1975 /76 
9 
4 
2 0 0 0 0 
N o t e : D u r i n g A p r i l 1978 the 2 m a r k e d b i r d s w h i c h w a n d e r e d a r o u n d 
Seal Sands c o u l d have u sed e i t h e r S c a l l o p e d M u d o r C e n t r a l 
B a n k on the ebb and f l o o d t i d e s . I f t h e y w e r e seen on j u s t 
one o f the a r eas they w e r e s t i l l c o n s i d e r e d to have m e t the 
p r e d i c t i o n s as t he o b s e r v a t i o n p e r i o d a v a i l a b l e b e f o r e 
e m i g r a t i o n was so s h o r t . 
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o u t w e i g h e d by the advantages o f the a l t e r n a t i v e s t r a t e g y : f l y i n g f u r t h e r than 
n o r m a l be tween ebb t i d e and L o w W a t e r f e e d i n g s i t e s bu t t h e r e b y f e e d i n g on an 
a r e a w h e r e a h i g h r a t e of p r e y c a p t u r e can be m a i n t a i n e d . 
E a r l y i n 1978, 2 s i t u a t i o n s o c c u r r e d i n w h i c h t h i s a l t e r n a t i v e s t r a t e g y 
was e m p l o y e d . In m i d J anua ry many thousands o f g u l l s tha t had a r r i v e d on 
the e s t u a r y began u s i n g C e n t r a l B a n k as a r o o s t i n g a r e a , t h r o u g h o u t i t s p e r i o d 
o f e x p o s u r e (see Sec t ion 2 . B . 3 ) . D u r i n g the 1977 /78 w i n t e r a t o t a l of 12 m a r k e d G r e y 
P l o v e r s w e r e known to have changed f e e d i n g s i t e on the ebb t i d e . E i g h t o f these 
d i d so w h i l s t the g u l l s w e r e p r e s e n t , chang ing f r o m C e n t r a l B a n k t o S c a l l o p e d 
M u d . T h e s e 8 G r e y P l o v e r s f e d on Sca l l oped M u d on a l l t he ebb t i d e s when the 
g u l l f l o c k s w e r e r o o s t i n g on C e n t r a l B a n k , even though none of t h e m changed 
t h e i r L o w W a t e r f e e d i n g s i t e . C l e a r l y the advantage o f f e e d i n g on a r e l a t i v e l y 
s p a r s e l y p o p u l a t e d m u d f l a t w h e r e d i s t u r b a n c e was i n f r e q u e n t o u t w e i g h e d the 
d i sadvan tage o f i n c r e a s e d t r a v e l l i n g t i m e . On a f e w occas ions the p r e s e n c e o f 
the g u l l s on C e n t r a l B a n k on the ebb t i d e was s u f f i c i e n t t o p r e v e n t m a n y G r e y 
P l o v e r s f r o m f i n d i n g space i n w h i c h t o f e e d . 
Changes i n f e e d i n g a r e a on the f l o o d t i d e d u r i n g t h i s p e r i o d w e r e o b s e r v e d 
i n on ly t w o m a r k e d G r e y P l o v e r s . T h i s was p r o b a b l y because f e w e r G r e y 
P l o v e r s f e d on the l a s t a reas of m u d f l a t r e m a i n i n g exposed on the f l o o d t i d e 
than on the f i r s t a r eas u n c o v e r e d by the o u t g o i n g t i d e ; hence the p r e s e n c e o f 
l a r g e f l o c k s o f g u l l s h a d l e s s e f f e c t upon G r e y P l o v e r s on the f l o o d t i d e . 
Once the g u l l f l o c k s had m o v e d away f r o m Seal Sands i n e a r l y F e b r u a r y 
1978 , a l l b u t one o f these m a r k e d G r e y P l o v e r s r e v e r t e d t o u s i n g C e n t r a l B a n k 
on the ebb t i d e . H o w e v e r i n m i d F e b r u a r y 1978, 5 i n d i v i d u a l s again changed 
f r o m f e e d i n g on C e n t r a l B a n k to u s i n g S c a l l o p e d M u d on the ebb t i d e . T h i s was 
caused by the a r r i v a l on Seal Sands o f l a r g e n u m b e r s o f Golden P l o v e r s w h i c h 
h a d been d r i v e n o f f the f i e l d s b y heavy snow (see Sec t ion 2 . B . 3) . T h e Golden 
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P l o v e r s f e d m a i n l y on C e n t r a l B a n k on the ebb t i d e . Some m a r k e d G r e y P l o v e r s 
f e d amongs t the Golden P l o v e r s on C e n t r a l B a n k . T h e r e f o r e the ene rgy ga in 
f r o m the t w o s t r a t e g i e s , f e e d i n g on the dense ly p o p u l a t e d C e n t r a l B a n k o r 
f l y i n g to and f r o m the s p a r s e l y popu la t ed S c a l l o p e d M u d , m u s t have been s i m i l a r . 
3 . I I . A . 2 . c. F i d e l i t y be tween y e a r s to f e e d i n g s i t e s 
used d u r i n g the t i d a l c y c l e 
C h o i c e of f e e d i n g s i t e s on the ebb and f l o o d t i d e s has been shown to be 
d e t e r m i n e d m a i n l y by the L o w W a t e r f e e d i n g s i t e used . T h e r e f o r e f i d e l i t y t o a 
L o w W a t e r f e e d i n g s i t e be tween y e a r s s h o u l d l e a d t o f i d e l i t y i n f e e d i n g s i t e s 
used by an i n d i v i d u a l on t h e ebb and f l o o d t i d e s , except when i n c r e a s e s i n n u m b e r s 
o f o the r b i r d s f o r c e the G r e y P l o v e r s to change t h e i r b e h a v i o u r . T h i s was 
p a r t i c u l a r l y t r u e on the f l o o d t i d e w h e r e 6 m a r k e d G r e y P l o v e r s used the s a m e 
a r e a i n the w i n t e r s of 1976/77 and 1977/78. Only one (B W / O ) c l e a r l y c h a n g e d 
be tween y e a r s , and these changes can be c o r r e l a t e d w i t h i t s changes i n L o w 
W a t e r f e e d i n g s i t e d u r i n g and be tween w i n t e r s . On the ebb t i d e 2 m a r k e d 
G r e y P l o v e r s used the s ame f e e d i n g s i t e s t h r o u g h the w i n t e r s o f 1976/77 and 
1977/78 , and a f u r t h e r 5 v i s i t e d b o t h s i t e s bu t f e d m a i n l y on the s ame one each 
w i n t e r . No m a j o r d i f f e r e n c e s be tween the y e a r s w e r e o b s e r v e d . 
3. I I . A . 2 . d . S u m m a r y 
M o s t m a r k e d G r e y P l o v e r s f e d on s e v e r a l a r eas o f Seal Sands d u r i n g a 
t i d a l c y c l e . They d i d n o t f e e d r e g u l a r l y on the f i r s t f e e d i n g a reas u n c o v e r e d 
by the ebb ing t i d e , a long E a s t e r n C h a n n e l , bu t once u n c o v e r e d , bo th C e n t r a l 
B a n k and S c a l l o p e d M u d w e r e u s e d . The s i t e used by an i n d i v i d u a l at m i d - t i d e 
was d e t e r m i n e d by i t s L o w W a t e r f e e d i n g s i t e . I n d i v i d u a l s thus used f e e d i n g 
c i r c u i t s w h i c h m i n i m i s e d t h e i r f l y i n g t i m e and e n e r g y once f e e d i n g had s t a r t e d . 
Some m a r k e d G r e y P l o v e r s u sed L o w W a t e r f e e d i n g s i t e s ad j acen t t o the f i r s t 
a r ea s on C e n t r a l B a n k and S a l l o p e d M u d to be exposed by the t i d e . They d i d not 
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use f e e d i n g c i r c u i t s but f e d in the s a m e s i t e m o r e o r l e s s t h r o u g h the t i d a l 
c y c l e . 
Seasonal changes i n f e e d i n g s i t e on the ebb ing t i d e o c c u r r e d m a i n l y f r o m 
Janua ry to A p r i l . They w e r e caused by changes in L o w W a t e r f e e d i n g s i t e o f 
the i n d i v i d u a l , o r by the p r e s e n c e of o t h e r spec ies of b i r d s in l a r g e n u m b e r s on 
C e n t r a l B a n k . 
On the f l o o r t i d e b o t h C e n t r a l B a n k and S : a l l o p e c Mud w e r e used. T h e 
c h o i c e o f s i t e by an i n d i v i d u a l was again d e t e r m i n e d by i t s L o w W a t e r f e e d i n g 
s i t e . 
3 . I I . A . 3 . F e e d i n g t e r r i t o r i e s 
I n t e r a c t i o n s be tween u n m a r k e d G r e y P l o v e r s sugges t ing defence o f a 
f e e d i n g a r e a have been o b s e r v e d b e f o r e t h i s s tudy bo th on Seal Sands (e. g . K n i g h t s 
1979) and e l s e w h e r e ( M i c h a e l 1935, Panov 1963, B u r g e r , Hahn and Chase 1979, 
M y e r s , C o n n o r s and P i t e l k a 1979a, M y e r s and M y e r s 1979). H o w e v e r i f 
b i r d s a r e no t i n d i v i d u a l l y m a r k e d i t i s i m p o s s i b l e t o d i s t i n g u i s h be tween t r u e 
de fence of a f i x e d f e e d i n g a r e a , i . e. t e r r i t o r i a l i t y , and defence o f a m o b i l e 
i n d i v i d u a l space a r o u n d a b i r d (see Conde r 1949) . My o b s e r v a t i o n s on m a r k e d 
G r e y P l o v e r s r e v e a l e d tha t bo th defence of i n d i v i d u a l space and t r u e t e r r i t o r i a l i t y 
o c c u r r e d on Seal Sands. 
De fence of i n d i v i d u a l space - T h e I n d i v i d u a l space of a G r e y P l o v e r , 
w h i c h ex tended 2 - 3 m e t r e s f r o m the b i r d , was r a r e l y t r a n s g r e s s e d . In m o s t 
s i t u a t i o n s , on a reas w h e r e t e r r i t o r i a l i t y d i d n o t o c c u r , f e e d i n g G r e y P l o v e r s 
m a i n t a i n e d t h e i r s p a c i n g ( u s u a l l y at l e a s t 10 - 15 m e t r e s a p a r t ) by avo idance 
m o v e m e n t s (see a l so S t inson 1977). H o w e v e r at h i g h d e n s i t i e s of f e e d i n g b i r d s 
these m o v e m e n t s w e r e n o t e f f e c t i v e i n t a k i n g the G r e y P l o v e r i n t o an unoccup i ed 
a r e a of m u d . I t was on o c c a s i o n s when G r e y P l o v e r s w e r e f e e d i n g at h i g h 
d e n s i t i e s t h a t d i spu tes o v e r i n d i v i d u a l space w e r e m o s t f r e q u e n t , as p r e d i c t e d 
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b y R e c h e r and R e c h e r (1969b). Defence o f i n d i v i d u a l space was m o s t f r e q u e n t l y 
o b s e r v e d on the ebb ing t i d e (Tab l e 3 . 34 ) , e s p e c i a l l y j u s t a f t e r the f i r s t m u d 
was exposed . A t t h i s t i m e m o s t G r e y P l o v e r s w e r e f e e d i n g , and u n c o v e r e d 
f e e d i n g a r e a was l i m i t e d . Defence of i n d i v i d u a l space was r a r e l y seen at L o w W a t e r 
when d e n s i t i e s of f e e d i n g G r e y P l o v e r s w e r e l o w due to the l a r g e a r e a o f m u d 
exposed , o r on the f l o o d t i d e when many f e w e r G r e y P l o v e r s w e r e f e e d i n g 
( T a b l e 3. 3 4 ) . On the ebb t i d e i n t e r a c t i o n s w e r e m o s t f r e q u e n t d u r i n g the m i d 
w i n t e r peak p o p u l a t i o n o f G r e y P l o v e r s on Seal Sands i n 1976/77 (see F i g . 2 . 3) . 
D i s p l a c e m e n t s o c c u r r e d at a h i g h r a t e a l so i n J a n u a r y 1978 when m o r e G r e y 
P l o v e r s than u s u a l f e d on S c a l l o p e d M u d on the ebb t i d e . Many o f these G r e y 
P l o v e r s had m o v e d f r o m C e n t r a l B a n k because o f the p r e s e n c e o f the f l o c k s o f 
g u l l s t h e r e (see Sec t ion 2 . B . 3) . 
N e v e r t h e l e s s the r a t e o f d i spu tes ove r i n d i v i d u a l space was u s u a l l y 
v e r y l o w , r a r e l y exceed ing 6 p e r b i r d p e r hou r ( T a b l e 3 . 3 4 ) . I n t e r a c t i o n s o v e r 
i n d i v i d u a l space w e r e b r i e f , l a s t i n g l e s s than 5 s econds . They o c c u r r e d on any 
p a r t s o f Seal Sands w h e r e G r e y P l o v e r s f e d at h i g h d e n s i t i e s . De fence o f 
i n d i v i d u a l space was shown b y n o n - t e r r i t o r i a l b i r d s and a l so by b i r d s f e e d i n g 
away f r o m t h e i r t e r r i t o r i e s . I n d i v i d u a l b i r d s change i m m e d i a t e l y f r o m one 
f o r m o f s p a c i n g t o ano ther on m o v i n g be tween a reas on Seal Sands. 
T e r r i t o r i a l i t y - T r u e i n t r a s p e c i f i c t e r r i t o r i a l i t y , the defence o f a f i x e d 
a r e a of m u d f l a t aga ins t c o n s p e c i f i c s , c o u l d be d i s t i n g u i s h e d f r o m defence o f 
i n d i v i d u a l space by the f o l l o w i n g c h a r a c t e r i s t i c s . T h e t e r r i t o r y h o l d e r f e d i n a m o r e 
o r l e s s c l e a r l y d e f i n e d a r e a of m u d , f r o m w h i c h c o n s p e c i f i c s w e r e v i g o r o u s l y 
e x c l u d e d by means of c a l l s , d i s p l a y s and d i r e c t a g g r e s s i o n . D i spu tes at the 
b o u n d a r i e s be tween ad j acen t t e r r i t o r i e s s o m e t i m e s l a s t e d s e v e r a l m i n u t e s , 
e. g . l e n g t h of d i spu tes be tween G r e y P l o v e r s on E a s t e r n Channe l -
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T a b l e 3 . 3 4 
Defence o f i n d i v i d u a l space a m o n g s t f e e d i n g G r e y P l o v e r s : 
the f r e q u e n c y of d i s p l a c e m e n t s amongs t f e e d i n g m a r k e d 
G r e y P l o v e r s tha t w e r e not de fend ing t e r r i t o r i e s , d u r i n g 1976/77 
E B B T I D E 
O N D M M 
N u m b e r o f m i n u t e s 
o f o b s e r v a t i o n on 
m a r k e d b i r d s 
13 0 7 1 0 19 38 225 43 
N u m b e r o f d i s p l a c e - 1 
m e n t s o b s e r v e d 
Ra t e o f d i s p l a c e -
m e n t s p e r b i r d 
p e r h o u r 
4 . 6 2 1 2 . 6 3 1.58 1 .33 5 .58 
L O W W A T E R 
N u m b e r o f m i n u t e s 
o f o b s e r v a t i o n on 
m a r k e d b i r d s 
15 5 1 10 32 87 
N u m b e r o f d i s p l a c e -
m e n t s o b s e r v e d 
Ra te o f d i s p l a c e -
m e n t s p e r b i r d 
p e r h o u r 
1.18 
F L O O D T I D E 
N u m b e r o f m i n u t e s 
o f o b s e r v a t i o n on 
m a r k e d b i r d s 
119 51 68 6 1 97 31 
N u m b e r o f d i s p l a c e -
m e n t s o b s e r v e d 
R a t e o f d i s p l a c e -
m e n t s p e r b i r d 
p e r h o u r 
0 0 . 8 8 1 .94 
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Y O / R , 30. 1 2 . 7 7 , 8 m i n s . 
W R / O , 2 4 . 1 1 . 7 7 , 20 m i n s . 
u n m a r k e d b i r d , 1 . 1 . 7 8 , 30 m i n s . 
H o w e v e r , as the t e r r i t o r y h o l d e r s b e c o m e e s t a b l i s h e d , such d i spu tes b e c a m e 
s h o r t e r and o c c u r r e d l e s s f r e q u e n t l y . In t e r r i t o r i e s h e l d f o r p e r i o d s of w e e k s , 
the o w n e r p r e d i c t a b l y f e d on the s i t e each t i m e i t was exposed at L o w W a t e r . 
I t a l so r o o s t e d and p r e e n e d w i t h i n i t s t e r r i t o r y . A t e r r i t o r y h o l d e r s w i f t l y 
r e t u r n e d to i t s t e r r i t o r y f o l l o w i n g a d i s t u r b a n c e . T e r r i t o r i a l i t y on a m u d f l a t 
r e s u l t s in Grey P l o v e r s b e i n g r a t h e r even ly spaced . H o w e v e r G r e y P l o v e r s 
w e r e a l so spaced e v e n l y o v e r a reas i n w h i c h no t e r r i t o r i e s w e r e h e l d , b y means 
o f avo idance o f each o t h e r r a t h e r than o v e r t a g g r e s s i o n t o w a r d s each o t h e r . 
T h u s d e t a i l e d l o n g - t e r m o b s e r v a t i o n s of m a r k e d b i r d s , as w e r e p o s s i b l e i n t h i s 
study, m u s t be m a d e b e f o r e the o c c u r r e n c e and ex ten t of t e r r i t o r i a l i t y can b e 
d e t e r m i n e d . 
3. I I . A . 3. a. S i tes i n w h i c h t e r r i t o r i a l i t y was o b s e r v e d ( F i g . 3.17) 
G r e y P l o v e r s h e l d t e r r i t o r i e s on ly on c e r t a i n p a r t s o f Seal Sands 
( T a b l e 3. 35) . In t h i s s e c t i o n i t w i l l be shown tha t the spac ing b e h a v i o u r o f 
G r e y P l o v e r s on an a r e a can be p r e d i c t e d f r o m the p h y s i c a l c h a r a c t e r i s t i c s 
o f the s i t e . 
1977 /78 - E a s t e r n Channe l and the n o r t h e r n s e c t i o n of C e n t r a l B a n k ( a r e a A , 
T a b l e 2 . 3) w e r e the m a i n s i t e s used d u r i n g 1977/78 ( T a b l e 3. 35) . The Seaton 
Channe l mudbanks a l so h e l d t e r r i t o r i a l G r e y P l o v e r s , b u t t h i s i s a v e r y s m a l l 
s i t e ( < 4 h e c t a r e s ) , and t h e r e f o r e a m u c h l e s s i m p o r t a n t f e e d i n g a r e a i n 
t e r m s of the n u m b e r of b i r d s s u p p o r t e d than E a s t e r n Channe l o r C e n t r a l B a n k . 
In E a s t e r n Channe l t e r r i t o r i e s w e r e defended by m a r k e d i n d i v i d u a l s i n b o t h the 
n o r t h e r n and s o u t h e r n h a l v e s . O b s e r v a t i o n s on the b e h a v i o u r of u n m a r k e d G r e y 
P l o v e r s f e e d i n g i n the r e s t o f E a s t e r n Channe l i n d i c a t e d tha t t e r r i t o r i e s w e r e 
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Table 3.35 
The occurrence of territoriality amongst marked Grey Plovers 
on Seal Sands, during the 1977/78 winter 
Section of Total number Marked Grey Plovers 
Seal Sands of marked Grey showing territoriality 
Plovers observed 
Number Percentage of 
total observed 
Eastern Channel 2 2 100'/ 
Seaton Channel 1 1 100°/ 
Central Bank - north 7 4 57% 
Central Bank - central 7 1 14°/, 
Central Bank - south 19 5 26°/, 
Scalloped Mud 15 1 1°/ 
Greenabella Bank 5 0 0°/ 
Central Channel 0 - • 
Total 56 14 25'/ 
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defended by all Grey Plovers feeding there. Only ~60 per cent of the marked 
Grey Plovers feeding on the northern section of Central Bank were known to 
defend territories. Others may have done so. The situation is uncertain 
because fewer observations were made there than on Eastern Channel, so that 
full details of the spacing behaviour employed on Central Bank were not obtained. 
Unmarked Grey Plovers feeding on the Enteromorpha-covered mud of the northern 
part of Central Bank were highly territorial , at least in February, so if some 
Grey Plovers were not defending territories they must have been feeding elsewhere 
on this northern section, e. g. on the softer mud to the west. Terri tories were 
defended by some individuals on the other sections of Central Bank, particularly 
on the eastern side next to Eastern Channel and on the sandy ridge nearer to the 
Reclamation Wall (see Fig . 3.17). 
Grey Plovers very rarely held territories on areas of Seal Sands to 
the west of Central Bank, Scalloped Mud being the only area on which terr i tor i -
ality was observed. On Scalloped Mud one marked (L W / L ) and several 
unmarked Grey Plovers defended feeding sites on the eastern half, close to 
the Reclamation Wall. L W / L Grey Plover was also the only marked Grey 
Plover to defend a territory on the softer mud of the western side of Scalloped 
Mud. Territoriality was never observed in any Grey Plovers , marked or unmarked, 
feeding on Greenabella Bank or Central Channel during the winter of 1977/78. 
The occurrence of territoriality amongst marked Grey Plovers on the eastern 
mudbanks (Eastern Channel, Central Bank, Seaton Channel) was significantly 
higher than on the western mudbanks (Scalloped Mud, Greenabella Bank, 
Central Channel) (~)C = 5. 08, l d . f . , P o 0.025). 
1975/76 and 1976/77 - The less extensive data for the 2 previous 
winters confirm the pattern described above. Marked Grey Plovers fed on 
all areas of Seal Sands but territorial behaviour was observed only on Eastern 
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Channel and on the northern and southern sections of Central Bank. 
Territoriality was also shown by 3 marked Grey Plovers feeding on the 
muddy edges of the Brinefields pool, and by one on the banks of Greatham 
Creek. Two of these birds also defended territories elsewhere. In the 
winter of 1975/76, one Grey Plover defended a territory whilst on the 
Brinefields pasture at High Water. This bird fed non-territorially on Seal 
Sands at Low Water. 
The main sites on Seal Sands in which territoriality occurred have 
common physical features. Eastern Channel, Seaton Channel mudbank and 
the northern and southern sections of Central Bank consist largely of f irm 
mud or sandy mud. In general, the areas comprising softer substrates 
(Central Channel, Greenabella Bank, Scalloped Mud - west) did not support 
Grey Plover territories. A l l but one of the areas on which Grey Plovers 
regularly defended territories are uncovered for at least 5 hours each tidal 
cycle, being at high or mid tidal levels (Table 3. 36). Thus territories were 
not defended close to the Low Water tide edge where the majority of other 
wader species preferred to feed. On Scalloped Mud in mid winter, territories 
were held on two substrate types: on sandy mud close to the Reclamation Wall, 
and on the f irmer mud at the edges of deep creeks filled with liquid mud or 
water. These creek sides and also the edges of Seaton Channel, the Brinefields 
creek and Greatham Creek, are essentially linear habitats. 
Sub-adults - The occurrence of territorial behaviour in the 3 age 
classes of marked Grey Plovers is shown in Table 3. 37. Despite the small 
sample sizes it appears that territorial behaviour is less frequent in juveniles 
than in older birds. It is hoped that future studies will provide data to test 
this possibility. 
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Table 3. 36 
The periods of exposure of territories 
regularly held by marked Grey Plovers 
Marked Section of Seal Sands Period of exposure 
Grey Plovers on which territory held (hours) 
L L / G Central Bank - north 4. 5 
W R / O Eastern Channel 5.5 
Y L / R Central Bank - north 5. 5 
Y L / O , O R / L Central Bank - north 5.75 
L W / L Scalloped Mud - west 6 
R Y / Y Seaton Channel 6 
L W / L Scalloped Mud - east (creek) 6. 25 
Y R / L Central Bank - north 6.25 
O L / O Central Bank - south 7. 25 
O W/W Central Bank - south 7 . 5 - 8 . 5 
B R / W Greatham Creek 10 - 11.5 
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Table 3. 37 
The occurrence of territorial behaviour in 3 age classes 
of marked Grey Plovers, during the winters 1975-78 
Second winter 
Adults birds Juveniles 
Number whose Low Water 
feeding site known 
Number (percentage) which 
showed territorial behaviour 
17 (63%) 2 (100/'-) 1 (25%) 
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3. II . A. 3. b. Changes in territoriality during the tidal cycle 
Grey Plovers were more likely to leave their territories during the 
tidal cycle if cefending an area away from the main sites. Terri tories held on 
Eastern Channel and Central Bank - north were defended from first exposure 
by the ebbing tide until the Grey Plovers were pushed off their feeding sites 
by the flood tide, usually a period of 5-6 hours (Table 3. 36). This was also 
true for territories on the western half of Scalloped Mud. In contrast 
territories on Scalloped Mud - east were sometimes abandoned at around 
the time of Low Water. This was due at least in part to the considerable human 
disturbance experienced by the Grey Plovers defending territories close to 
the seawall. When not in its territory adjacent to the Scalloped Mud reclamation 
wall the marked Grey Plover L W / L was usually observed on Greenabella Bank. 
This bird was never territorial on Greenabella Bank yet from late November 
always defended its feeding site when present on Scalloped Mud - east. Data 
for the central area of Central Bank are few, but indicate that territories there 
v#re defended for at least the major part of the period of exposure. Terr i tor ia l 
behaviour on the southern section of Central Bankwasmore complex. One marked 
individual defended its territory on mud for the whole of the Low Water period in 
February, whereas others, on a much sandier substrate, did so either for a 
few minutes as the tide ebbed or flowed,or stayed until true Low Water and 
then left. Furthermore Grey Plover behaviour on this area changed with the 
season (see below). It is important to note that this southern area with its 
more complex territorial system is at a very high tidal level compared with 
most other areas with territories . 
When Grey Plovers defended territories from the time of f irst 
exposure of the mud they had to tolerate initially a high density of waders 
of other species in their territories. These waders feeding at the tide edge 
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as it crossed their territory interfered with the Grey Plover" s foraging. 
However most Grey Plover territories were held on very flat mudbanks 
(e.g. Central Bank, Eastern Channel) across which the tide ebbed very 
rapidly. Therefore any disturbance was of short duration. Similarly 
disturbance on the flood tide did not last for long. 
Terri toria l defence on the sites adjacent to Seal Sands was complicated 
by the tidal rhythms in the Brinefields pool which were less regular than and 
not in phase with those on Seal Sands. Also most Grey Plovers that fed on 
the Brinefields used it when Seal Sands was covered by the tide. Therefore 
their defence of a territory on the Brinefields depended upon a) how long 
they needed to feed to supplement their intake in the rest of the tidal cycle, 
b) the tidal state of the Brinefields and c) the total number of Grey Plovers 
feeding there. One bird (B R / W ) that in 1975/76 regularly fed at the edge of 
the Brinefields pool regardless of state of tide on Seal Sands always defended 
its territory when present. B R / W also defended a territory along Greatham 
Creek in 1975/76 and 1976/77, often for the whole period of exposure of the 
area. 
Defence of 2 territories during a tidal cycle - Only 3 marked Grey 
Plovers were known to defend more than one territory during a tidal cycle. 
In the winter of 1975/76 one bird (B R / W ) defended a feeding site on both 
Greatham Harbour and the Brinefields pool. Another individual (Y L / R ) held 
a territory at Low Water on the northern section of Central Bank during its 
period of stay in 1977/78, and on one day in early February also defended a site 
on the sandy ridge of Central Bank - south on the flood tide. The third occasion 
concerned W R / O which temporarily defended a territory at the edge of the 
Brinefields pool at High Water in March 1976 in addition to the territory it 
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regularly held on Eastern Channel at Low Water. Thus B ft/W was the only 
marked Grey Plover to defend 2 sites on a regular basis , and on Seal Sands 
such behaviour was extremely uncommon during the study. 
3. I I . A. 3. c. Seasonal changes in territorial behaviour 
in relation to the Low Water feeding area used 
In this section I shall show that some Grey Plovers changed their spacing 
behaviour between being territorial and non-territorial during a winter, whereas 
other individuals either maintained the same territory or remained non-territorial 
throughout. Then, in the following section, the possible causes of changes in 
territorial behaviour wil l be discussed. 
The behaviour of individual birds could be predicted from the section of 
Seal Sands on which they fed (Table 3. 38). During the winter of 1977/78, no 
seasonal changes in territorial behaviour were observed amongst marked Grey 
Plovers defending sites on the major area of Grey Plover territories (the 
northern parts of Central Bank and Eastern Channel) and on Seaton Channel until 
late March (Tables 3. 38 and 3. 39). In the previous 2 winters, marked birds 
defending territories in Eastern Channel and Greatham Creek were faithful to 
their territories throughout the winter (except for the period immediately following 
arr iva l on the estuary). Thus fidelity to a territory during a winter was highest on 
the areas of greatest fidelity to Low Water feeding sites (Section 3. II . A. 1. c). 
In contrast seasonal changes, particularly from non-territorial to 
territorial behaviour, were shown by marked Grey Plovers feeding initially on 
the areas of Seal Sands with few regularly defended Grey Plover territories, 
i . e. the southern part of Central Bank, and Scalloped Mud (Tables 3. 38 and 3. 39). 
These changes occurred throughout the winter, and were frequently associated 
with changes in Low Water feeding site (see below). 
Table 3.38 
The occurrence of seasonal changes in territorial 
behaviour in relation to the Low Water feeding area 
used, amongst marked Grey Plovers on Seal Sands, 
during 1977/78 
Area of 
Seal Sands 
Number of 
marked Grey 
Plovers showing 
territoriality 
Number of marked 
Grey Plovers showing 
seasonal changes 
in territoriality 
Eastern Channel - north 
Seaton Channel 
Central Bank - north 
Central Bank - central 
Central Bank - south 
Eastern Channel - south 
Scalloped Mud - east 
Scalloped Mud - west 
Greenabella Bank 
Central Channel 
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1 
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Observations of territoriality amongst unmarked Grey Plovers during 
1977/78 provide further evidence of this area-related difference in behaviour. 
Terri tor ies were defended throughout the winter by unmarked Grey Plovers 
feeding in the northern half of Eastern Channel (Fig. 3.18). In contrast, territorial 
defence on mudflats away from the main area of Grey Plover territories was 
observed only during peaks in the population, i . e. in autumn (Scalloped Mud - west) 
or in midwinter (Central Bank - south and central, Eastern Channel - south, and the 
open mudflats of Scalloped Mud - east). There was thus a general increase through 
the winter in the number of mudflats which held territorial Grey Plovers, 
Marked birds that established exclusive feeding areas soon after their 
arr iva l on the estuary defended sites on certain areas of Seal Sands: the northern 
parts of Eastern Channel and Central Bank, and on f irm (but not sandy) mud on 
the southern section of Central Bank, and also in Greatham Creek (Table 3. 39). 
Marked birds that became territorial only after several weeks on Seal Sands 
chose to defend sites on different areas: Scalloped Mud and the sandy ridge on 
Central Bank - south (Table 3. 39). Thus the physical features of the different 
sections of Seal Sands appear to influence not only the areas in which most 
territories are held and any changes during the tidal cycle, but also seasonal 
changes in territorial behaviour. 
With this knowledge of seasonal changes in the occurrence of territorial 
behaviour on Seal Sands together with the counts of the Grey Plover population 
(Section 2 . B ) , it is possible to estimate the number of Grey Plovers that defended 
territories in the autumn and in mid winter of 1977/78 (Table 3. 39a). The 
proportion of 40 per cent of the population defending territories in both seasons may 
be an under-estimate, as the spacing behaviour of Grey Plovers on the northern 
half of Central Bank was not fully documented. 
Central Channel 
Greenabella Bank 
Scalloped Mud -west ° 
Central Bank-central <=» c 
Central Bank-south c 
Eastern Channel-south ZZZZZZZ2 
Scalloped Mud-east »— r J 7 i 
Seaton Channel ? ? r / / / / / / / / / / / I 
Central Bank-north ? ? I / / / / / / / / / / / / / / A 
Eastern Channel -north V / / / / / / / / / / / / / / / / I ? 
1 1 1 1 1 1 1 1 — 
A S O N D J F M A 
y / j\ Area - completely partitioned between territor al Grey Plovers 
Only a few of the Grey Plovers present were defending 
territories. 
Figure 3. 18 The seasonal occurrence of territoriality amongst Grey 
Plovers on areas of Seal Sands during the 1977/7 8 winter. 
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Table 3.3<k 
Estimates of the number of Grey Plovers defending 
feeding sites on Seal Sands during autumn 
and mid winter, 1977/78 
November 1977 February 1978 
Eastern Channel 16 20 
Seaton Channel 4 4 
Central Bank - north (12)* (26)* 
Central Bank - central (0)* (8)* 
Central Bank - south 0 8 
Scalloped Mud - east 2 5 
Scalloped Mud - west 0 0 
Greenabella Bank 0 0 
Central Channel 0 0 
Total number of 
territorial Grey Plovers 34 71 
Total population 90 177 
Percentage of population 
showing territoriality 38% 40% 
The estimates for the more northerly sections of Central Bank 
are probably too low - see text. 
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Only a few sub-adult birds were marked during the study, so differences 
between age classes cannot be identified convincingly. Both adults and sub-adults 
showed seasonal changes in territorial behaviour (Table 3. 39). However, amongst 
the 8 marked Grey Plovers that defended permanent territories during 1977/78, only 
the 2 second winter individuals defended more than one territory on Seal Sands 
during the winter. This may indicate that they were having difficulty meeting their 
energy requirements when feeding on a single defended site. The ability to acquire 
and defend a permanent territory successfully, with benefits exceeding costs, 
may, therefore, be achieved only after at least 2 years of life. 
3. I I . A. 3. d. The causes of seasonal changes in use of space 
Seasonal changes both in Low Water feeding site and in territorial behaviour 
were shown by marked Grey Plovers on Seal Sands. The discussion of the possible 
causes of changes in Low Water site were held over to this section because changes 
in site and in territoriality often occurred simultaneously. I shall now examine 
how the two are inter-linked, and then investigate why the changes occurred. 
If a Grey Plover changes its use of space it has several possible choices: 
a) stay in the same site but change from territorial to non-territorial 
behaviour or vice versa 
b) abandon the f irst site; on the new site it may 
i) retain the same behaviour, i. e. defend or not, or 
ii) change behaviour. 
Thus changes in site and behaviour could coincide. Table 3. 40 shows that, 
during the study, 7 out of 20 seasonal changes in use of space by marked Grey 
Plovers at Low Water involved both a new site and a change in territorial behaviour -
hence the combined discussion of causes presented below. 
A Grey Plover could have changed its use of space for any of three main 
Table 3.40 
Changes in use of space observed amongst marked Grey Plovers 
at Low Water on Seal Sands during the three winters 1975-78 
Low Water Site 
Site Defence 
F i r s t 
site 
Second 
site 
Change No change 
No No 
Yes Yes 
No Yes 
Yes No 
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reasons. The f i r s t reason is that i t was unable to obtain food fast enough with 
its original use of space. This would occur i f the density of available prey 
(i . e. the number per unit area of prey animals accessible to the predator) became 
insufficient to enable the bi rd to capture prey at a fast enough rate to meet its 
daily requirements. This would be a consequence of any of the following: 
i) a poor feeding area (i . e. with a very low density of available prey) 
being chosen on arr ival on Seal Sands, 
i i) falling temperatures and strong winds - falling temperatures reduce 
the availability of prey (see Section 3. n . D), strong winds impede the 
capture of prey (Townshend in Evans 1976, Dugan et al.1981), and 
both increase the energy requirements and therefore the required feeding 
rate of Grey Plovers (Evans 1976). 
i i i ) the absolute density of prey decreasing during the winter due to 
predation by the waders and/or other natural mortality. 
iv) an increase in the density of Grey Plovers feeding nearby - these 
would reduce the density of available prey by removing and/or 
disturbing prey which would otherwise be accessible at the mud surface. 
Additionally, avoidance movements (in which the bird moves away f rom 
nearby birds and into an empty area of mud) and disputes over individual 
space would be more frequent at high Grey Plover density, leading to a 
reduction in the time available for feeding. Increased avoidance and prey 
disturbance would also occur i f the density of other species of shorebird 
in a feeding area increased. Increases in bi rd density on a feeding area 
might occur not only during influxes onto Seal Sands as a whole, but 
also when a fa l l in prey availability, for example due to falling temperatures, 
causes birds to concentrate into sites with relatively higher densities of 
available prey. 
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Faced with a marked decrease in the density of prey available at the 
surface of the mud, a Grey Plover should change its foraging behaviour in one 
of 2 ways: 
i) i f previously non-terri torial , it could reduce the disturbance and 
removal of accessible prey by defending its feeding site against 
conspecifics 
ii) i f already te r r i to r ia l , or non-terri torial in an area where prey availability 
has fallen too greatly to make i t worth defending, the bird has no option 
but to change site. It could either move to an area elsewhere on Seal 
Sands with a higher density of available prey, or leave Seal Sands altogether. 
The second main reason is that i t could obtain food at a faster rate by a 
change in use of space, even though the density of available prey was adequate to 
enable it to meet its energy requirements without such a change, at that time. 
Such changes "by choice" could occur: 
i) soon after a Grey Plover arrives on Seal Sands, if it samples the 
prey density in several areas before deciding on a suitable site and 
defence (or otherwise) of i t . It would perhaps be particularly likely 
in juveniles which have no previous experience of feeding on these 
mudflats. During this period after arrival (in autumn or mid winter), 
a Grey Plover may change Low Water feeding site several times over 
a period of days or even hours. 
ii) as a direct response to a change in the profitability for feeding of one area, 
or net benefit of one type of te r r i to r ia l behaviour relative to that of 
another, during the winter. For example the relative profitability of 
a sheltered site would increase during strong winds (which increase 
energy requirements and impede prey capture). 
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i i i ) A Grey Plover might change its use of space in autumn in anticipation 
of poor feeding conditions in mid winter. If the density of available prey is on 
just adequate in mild conditions, it might change site in autumn; i f the 
food stocks wi l l last all winter only i f no more than one Grey Plover is 
removing prey, it might defend the site f rom early autumn. Either change 
would not be a direct response to feeding difficulties, but rather a long-term 
strategy to survive the winter. 
The third main reason could be that it was excluded f rom the site by 
another Grey Plover. This could occur: 
i) when an individual starts defending a site previously used non-
ter r i tor ia l ly by other Grey Plovers, 
i i ) when a te r r i to r ia l Grey Plover is evicted f rom its defended site by 
another individual. 
This discussion of possible reasons for seasonal changes in the use of 
space applies equally to changes shown by Curlews (Section 3. I I . B. 3. d.). 
I shall now explore the observed changes in use of space in the light of 
these possible explanations, dealing f i r s t ly with cases where a change in only 
Low Water site or te r r i tor ia l behaviour, but not both, occurred. 
1. Change in Low Water site, always non-territorial - During the three 
winters 1975 - 78, there were 6 of these changes between November and February 
(Table 3. 41). Four coincided with decreases in temperature - notably one with 
a markec' decrease in mid November 1977 (midday air temperature dropped f rom 
10-14° to 4-G°C, Fig. 3. 19), and one with the coldest spell of the 1977-78 winter. 
In two of the four cases, the marked birds moved from higher to lower mudflats, 
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Figure 3. 19 The midday air temperature on observation days 
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Teesmouth coastguard station. 
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and in the third the individual moved f rom an area l i t t le used by Grey Plovers 
and where no nereids were captured, to an area where Nereis was the main prey, 
Two marked Grey Plovers changed site soon after their arrival on the 
estuary (in November and January), with both birds feeding at f i r s t in small groups 
on Scalloped Mud-east. They may each have been forced to change after choosing 
a poor area ( i . e. Scalloped Mud-east) on arr ival , or may have changed by choice 
whilst sampling the prey density on different areas of Seal Sands. In none of the 
six cases before March was the change in site the result of competition for space 
with other Grey Plovers. 
Three marked Grey Plovers changed site, always feeding non-terri torial ly 
in March-April when absolute prey density would be lower than earlier in the 
winter but temperatures generally increasing. Two changes coincided with 
increasing temperatures after the cold spell of February 1978 (Fig. 3.19). Both 
birds began to feed on a higher mudflat (Scalloped Mud-east) throughout the 
period of exposure instead of moving to lower areas. This could have been a conse-
quence of Scalloped Mud-east providing high enough densities of available prey 
only in warm conditions. There may also have been more space in which to feed 
on Scalloped Mud as a result of emigration of some Grey Plovers f rom Seal Sands 
during this period. 
2. Change in Low Water site, both sites defended - No example of this 
behaviour was observed. 
3. Change f rom non-terri torial to te r r i tor ia l behaviour, same site - Two 
marked Grey Plovers began defending a site (on Scalloped Mud-west and the 
Brinefields Pool) at which they had previously been feeding non-terri torially. In 
both cases the defence was temporary, lasting up to 3 days. Each case occurred 
when an exceptionally high density of Grey Plovers was feeding in the vicinity of 
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the marked b i rd , probably leading to increased prey disturbance and removal as 
described earlier. The temporary defence on Scalloped Mud-west in October 
(not only by the marked bird, but also by several unmarked individuals) coincided 
with the passage through the estuary of juvenile Grey Plovers which favoured 
this area of softer muds (see Section 2.B). 
4. Change from ter r i tor ia l to non-terr i torial behaviour, same site - This 
occurred only at the end of the short-term ter r i tor ia l behaviour described above. 
When long-term territories were abandoned, a change in site also occurred 
(see below). 
5. Change in Low Water site and f rom non-territorial to te r r i tor ia l behaviour -
During the winters of 1975-78, 5 previously non-terri torial marked birds moved to 
new sites and defended them. No common causes for the changes, which occurred 
at all times of winter, could be identified (Table 3. 41). Two marked birds moved 
to new areas and began long-term defence in November, one (L W/L) after 
feeding non-terri torially elsewhere since August, and the other (W R/O) only two 
weeks after its arr ival on the estuary. W R/O returned to the terr i tory i t had 
occupied the previous winter. At f i r s t i t fed non-territorially on Greenabella Bank, 
and perhaps sampled! other areas of Seal Sands. However, i t is more likely that 
i t was either waiting for its terr i tory to become vacant, or feeding non-territorially 
before evicting another Grey Plover in order to regain its terr i tory (as i t did in 
the following autumn). The movement of L W / L to a new, defended site coincided 
with a marked decrease in temperature, so the change may have been a direct 
response to the decreasing density of available prey and increased energy requirements. 
The other 3 marked birds in this category defended their new sites for 
shorter periods (Y O/R, O W/W, L L/G, Table 3. 39) and less is known of their 
preceding and/or subsequent behaviour. 
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6. Change in Low Water site and f rom ter r i tor ia l to non-terri torial behaviour -
In spring 1978, 2 marked Grey Plovers ( O R / L , L W/L) , which had each defended 
a Low Water feeding site since autumn, abandoned their terri tories and fed instead 
in the loose flock of Grey Plovers and Dunlin wandering over Seal Sands, This 
change in behaviour was correlated with several possible causes. It followed the 
departure f rom the estuary of Knot, Godwit and many of the Grey Plovers and 
Dunlin (P. Ft. Evans, pers. comm.) and may, therefore, have been a response 
to the increase in the number of areas on Seal Sands where densities of all species 
of feeding waders were low. However there was also a decrease in temperature 
during this period (midday air temperature fe l l from 7-11° to 4-6°C, Fig. 3.19), 
and absolute prey densities must have been at their lowest as a result of 
predation through the winter, so the change of site may have occurred because 
of difficulties in maintaining the required food intake in the original site. As 
the change of site coincided with the chief spawning period of Nereis, (Evans et al. 
1979), which come to the surface and are easily accessible to predators, their 
flocking behaviour may assist in finding patches of recently emerged Nereis. 
A final possibility is that the flocking was a consequence of increasing migratory 
restlessness and not related to feeding. 
Conclusions - Overall, the factors most frequently correlated with seasonal 
changes in use of space were temperature changes (9 out of 18), particularly 
decreases (7 cases), and changes in Grey Plover density (7 out of 18). However 
the importance of these factors varied between the types of change that occurred. 
Changes in use of space by marked Grey Plovers were shown mainly by those 
which initially fed non-territorially (16 out of 18 cases). Movement to a new site 
where they continued to feed non-terri torially was the most frequently observed 
change (9 out of 18 cases). When low temperatures made feeding diff icult , the 
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birds moved to lower mudflats. Changes in the opposite direction occurred only in 
the warmer weather of spring, hi contrast, when the density of Grey Plovers 
feeding nearby temporarily increased, marked birds began to defend their feeding" 
sites for short periods, rather than change Low Water site. Temporary 
ter r i tor ia l i ty in response to an influx of Grey Plovers was also observed on the 
ebb and flood tides (see next section). 
In at least some cases, movement to a new site and the start of te r r i tor ia l 
defence occurred together, when a long-term terr i tory was established in autumn. 
Such long-term defence probably provides considerable advantages to the holder 
(see Section 3. I I . D. 1), and long-term territories were sometimes taken up 
in autumn in anticipation of benefits accruing later. Long-term territories were never 
abandoned in winter, only in spring, and no specific cause could be identified. 
3. I I . A. 3. e. Seasonal changes in terr i tor ia l i ty outside the Low Water period 
It has been shown above that seasonal changes occur at Low Water feeding 
sites in the incidence of both permanent and temporary terr i tor ia l i ty . However 
by combining discussion of changes in Low Water feeding site and in te r r i tor ia l 
behaviour not all cases of site defence are included. During the study, six 
marked Grey Plovers defended feeding sites only at times other than Low Water. 
In all but one case such defence lasted for less than a day. 
Four marked birds each attempted to defend a feeding site on the high, 
sandy ridge of Central Bank-south during the very cold weather or January-
February 1978. Three did so on the ebb tide and one as the tide flooded. At 
these times, the already high density of Grey Plovers would have been increased 
further because of the reduced area for feeding. On one occasion a marked Grey 
Plover also tried to exclude Golden Plovers which were present in very large 
numbers. These four attempts to defend sites on this ridge can be matched 
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exactly to the most severe weather conditions: heavy snow and the coldest mud and 
midday air temperatures recorded that winter, Thus the high energy requirements and 
likely reduced availability of prey caused by bad weather (see Section 3. I I . D . ) , 
exacerbated by the high density of feeding plovers, led these birds to defend their 
feeding sites. 
The other two cases of defence occurred at High Water. One bird 
(W R/O 1975/76) defended a site on a tidal creek on a single day when exceptionally 
high numbers of Grey Plovers were present along the creek. The other individual 
defended a site on pasture adjacent to the creek. This defence lasted from mid Feb-
ruary until the bird emigrated in late March. Presumably i t was unable to meet 
its energy requirements when feeding on Seal Sands at Low Water, perhaps because 
of the decreasing absolute density of prey there. 
Combining these data with those for use of space at Low Water, we see 
that temporary site defence occurred most often when Grey Plover density was 
high (7 out of 8 cases) and temperatures low (4 out of 8). 
3. I I . A. 3. f. Changes in the te r r i tor ia l behaviour of 
individual Grey Plovers between years 
As detailed observations of terr i tor ia l i ty were confined mainly to winter 
1977/78, comparisons between years are limited. Fourteen Grey Plovers 
returned to the estuary during the three years of my study. In the f i r s t year 
in which they were observed 2 were known to be juveniles. One of these (L W/L) 
is known to have been non-terri torial when a juvenile, but the behaviour of the other 
(Y L/R) in its f i r s t winter is unknown. In the following winter (1977/78) both 
birds were te r r i to r ia l , and L W / L also defended the same terr i tory during 
winter 1978/79 (P.J. Dugan, pers. comm.). 
Amongst the 12 adults, 2 (W R/O, B R/W) regularly defended a terr i tory 
at Low Water in the f i r s t winter in which they were observed. In the following 
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winter (1976/77) both defended the exact terr i tory they had held the previous year. 
(B R/W fed solely in Greatham Creek in 1976/77 due to disturbance on the 
Brinefields.) W R/O held a terr i tory in the same site during the winter of 1977/78, 
evicting another individual in order to do so. The other 2 marked Grey Plovers 
that defended terri tories on the Brinefields (but not on Seal Sands) during 1975/76, 
returned in the 2 following winters. They were not seen feeding on the Brinefields in 
either winter, and again showed no ter r i tor ia l behaviour on Seal Sands. Knowledge 
of the te r r i tor ia l behaviour of the other 8 adults in their year of ringing is sparse 
so comparisons between this and the following winter are diff icult . However 2 
individuals fed in identical sites in successive years and were definitely t e r r i to r ia l 
in the second winter in which they were observed. Two others were non-terri torial 
in the 1976/77 winter (when ringed) and for much of the following winter, each 
attempting to defend a terr i tory on only one occasion in 1977/78. Of the remaining 
4 birds, 3 showed te r r i tor ia l behaviour in the second winter of observation, and 
the fourth was probably non-terri torial in both winters. In 1978/79 2 marked Grey 
Plovers, previously non-terri torial in early 1977 and absent in 1977/78, defended 
terr i tories , one in Eastern Channel and one at the edge of the Brinefields creek 
(P.J. Dugan, pers. comm.). 
Thus no marked individuals feeding on Seal Sands changed f rom being 
te r r i to r ia l in one winter to non-terri torial in the following winter. A l l individuals 
regularly showing ter r i tor ia l behaviour on certain sites in one winter did so in 
the same sites in subsequent winters. Of the Grey Plovers that did not defend any 
feeding sites in one winter, some fed in similar sites with similar behaviour in 
the following winter, whereas others changed feeding sites and became te r r i to r ia l . 
Therefore between years there is a gradual shift towards terr i tor ial i ty which 
parallels the trend detected in the seasonal changes in the occurrence of ter r i tor ia l i ty . 
2 
3. I I . A. 3. g. Summary 
At least 40 per cent of the Grey Plovers on Seal Sands during a winter 
defended feeding terr i tories. Territories were held only on certain areas of 
Seal Sands. These areas share common physical features; they are at high 
or mid tidal levels, and consist largely of mud or f i r m sandy mud. Territories 
were held throughout the period of exposure on Eastern Channel and the northern 
part of Central Bank, but those on Scalloped Mud and the southern part of Central 
Bank were often deserted during the Low Water period. Terri torial i ty amongst 
Grey Plovers occurred on Seal Sands throughout the winter, but was most 
frequent in January and February. The increase was due mainly to birds taking 
up terri tories on areas of Seal Sands that were previously undefended. Seasonal 
changes in use of space were correlated particularly with changes in temperature 
and in Grey Plover density. 
Identical terri tories were defended by individuals in successive winters. 
Between years there was an increase in the occurrence of terr i tor ia l i ty in the 
population of marked Grey Plovers. 
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3. I I . B. THE USE OF SEAL SANDS AS A FEEDING AREA 
BY INDIVIDUAL CURLEWS 
The counts of Curlews on the estuary (Section 2.C) and the sightings 
of marked individuals (Section 3.1. C, above) indicate that there is a fa i r ly 
constant population of Curlews on and around the estuary for much of the 
winter. The behaviour of individuals on their main intertidal feeding area, 
Seal Sands, has been studied in more detail and w i l l be described below. The 
use of the pastures adjacent to Seal Sands as a feeding area is closely linked 
to the use of Seal Sands itself, with some individuals feeding on both sites. 
The use of the pastures by Curlews w i l l be discussed later, in Section 3. II. C. 
3. I I . B . 1. Low Water feeding sites of individual Curlews 
3. I I . B. 1. a. Sites used 
Low Water feeding sites were determined for 49 of the 67 marked 
Curlews present on the estuary during the winter of 1977/78 (Fig. 3.2.0, 
Table 3. 42). Unfortunately these sites were unrepresentative of the whole 
population (Table 3. 43). The distributions of marked and unmarked Curlews were 
very significantly different (TcN 67. 35, 4d. f. , P « 0. 001). This arose f rom 
the relative ease of identification and observation of ringed birds on Scalloped 
Mud but difficulty in the identification of those at the tide edges of Greenabella 
Bank and Central Channel. However, within each section the distribution of 
marked birds on different substrates was similar to the distribution of all 
Curlews (e. g. Table 3. 44), except on Central Channel (see below). 
Many marked Curlews were seen on more than one site, and in general 
their behaviour was less predictable than that of the marked Grey Plovers, but 
more so than that of the marked Godwits (pers. obs.). 
Scalloped Mud - 14 of the marked Curlews fed almost exclusively on the 
eastern half, and 9 on the western half, with only one being seen regularly on both. 
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Table 3.43 
The distribution of marked Curlews and the Curlew population 
on Seal Sands at Low Water, in 2 winters 
Sections of Seal Sands 
1977/78 
Low Water feeding sites 
of marked Curlews 
Low Water distribution of 
the Curlew population 
CB ECh SM GB CCh 
14(237!) 2(3Z) 24(402) 19(31%) 2(32) 
46(17# 8(32) 32(122) 131(482) 53(2<)£) 
1976/77 
Low Water feeding sites 
of marked Curlews 
Low Water distribution of 
the Curlew population 
0(02) 1(42) 17(712) 5(212) 1(42) 
51(222) 7(32) 61*(272) 70(302) 42(182) 
* includes some roosting birds (see text). 
Values are numbers, with approximate percentages in brackets. 
Data for the Curlew population taken from Table 2.6. 
Key for abbreviations given on Table 3.19. 
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This d is t r ibut ion is ve ry s i m i l a r to that of the Curlew population on Scalloped 
Mud (Table 3. 44). At Low Water the marked Curlews on the eastern half 
fed mainly on the open mud to the west and nor th of the mussel scars 
keeping away f r o m the Reclamation Wal l . Those feeding on the western half 
tended to be spaceo out across the whole area, but the individuals that 
appeared only infrequently fed mainly on the l i qu id mud in the centre. 
Greenabella Bank - Individual marked Curlews on Greenabella Bank 
tended to feed p re fe ren t i a l ly on either the open mud (7 b i rds) or at the tide 
edge (8 b i rd s ) . Sightings of the other 4 b i rds that used Greenabella Bank at 
Low Water were insuf f ic ien t to determine a preference. Although open-mud and 
tide-edge feeders were not d i f fe ren t ia ted dur ing Low Water counts of the whole 
population on Greenabella Bank, Curlews fed on both open mud and t ide edge 
in roughly s i m i l a r numbers , except on extreme tides (see Section 2 . B . 2. a). 
Central Bank - On Centra l Bank most marked b i rds fed in the southern 
section (Table 3. 44). This d is t r ibut ion re f lec t s the preference shown fo r 
the southern section by the whole Curlew population (Tables 3. 44 and 3. 45) but under-
represents b i rds on Central Bank - nor th . On the southern section the marked 
Curlews tended to feed on the sof ter muds, including the Enteromorpha-covered 
area,and r a r e l y fed on the sandy r idge . 
Eastern Channel - Only 2 marked Curlews were seen feeding in 
Eastern Channel during 1977/78, one in the nor thern half and one in sof ter mud in 
the southern half . These b i rds are representative of the whole population as 
unmarked Curlews fed throughout the length of Eastern Channel (except close 
to the -declamation Wal l ) . 
Centra l Channel - The two marked Curlews seen in Centra l Channel at 
Low Water both fed on the l i q u i d mud to the north-east of Scalloped Mud. Most 
of the res t of the Curlew population fed closer to Seaton Channel, either on the 
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Table 3.44 
The d is t r ibut ion of Low Water feeding sites of marked 
b i rds and of the Curlew population wi th in 2 areas 
of Seal Sands, in the 1977/78 winter 
:alloped Mud 
east 
- west 
Feeding sites 
of marked b i rds 
Feeding sites 
of the population 
number percentage number percentage 
15 
10 
60 I 
40 Z 
16.5* 
13. 0* 
56 2 
44% 
Central Bank 
- nor th 
- centra l 
- south 
1 
3 
10 
2 1 % 
72 7 
8. 3** 
7. 3** 
20.8** 
23 7 
20 7 
57 1 
Population f igures der ived f r o m : 
* 11 counts at Low Water 
** Table 3. 45 
Table 3.45 
The dis t r ibut ion of the Curlew population on 
three sections of Central Bank at Low Water 
during the 1977/78 winter 
A B 
Centra l Bank Centra l Bank 
- no r th - centra l 
10.11.77. 13 8 
13. 1.78. 6 2 
16. 2.78. 9 10 
16. 3.78. 5 9 
Sections of Central Bank as shown on Table 2. 3. 
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l i q u i d mud or at the tide edge. Therefore the marked b i rds were not representa-
t ive of the total numbers of Curlews using Central Channel. 
There is l i t t l e in fo rmat ion on the Low Water feeding sites used by marked 
Curlews in the two previous winters of 1975/76 and 1976/77, because, unt i l 
March 1977, only 8 Curlews were co lour - r inged . In 1976/77, the d is t r ibut ion 
of Low Water feeding sites of the marked b i rds on the whole of Seal Sands was 
unrepresentative of the whole Curlew population (Table 3. 43). However wi th in 
3 sections, Eastern Channel, Scalloped Mud and Greenabella Bank, the marked 
Curlews and the Curlew population were believed to be dis t r ibuted s i m i l a r l y 
in 1976/77 although there are insuf f ic ien t data to show this . 
Juveniles - It was d i f f i c u l t to investigate whether juveniles chose Low 
Water feeding sites which d i f f e red f r o m those of adults during a winter as only 
3 of the 8 r inged juveniles were seen on Seal Sands at Low Water, and these 
sightings were confined to March and A p r i l 1977. A l l 3 b i rds were observed 
at Low Water solely on Scalloped Mud, 2 on the western side and 1 on the 
eastern half . There are too few sightings to know whether this indicates a r e a l 
preference of juveniles f o r Scalloped Mud. 
3. n . B . l . b . F ide l i ty to a Low Water feeding site during a winter 
The f i de l i t y of marked Curlews to a Low Water feeding site on Seal Sands 
dur ing a winter var ied between individuals , as in Grey Plovers . In this section 
I shal l show that the behaviour of an individual Curlew during a winter was influenced 
by i ts o r ig ina l choice of Low Water feeding site. In Section 3. I I . B . 1. d, the 
possible causes of changes in Low Water feeding s i te , and in t e r r i t o r i a l behaviour, 
w i l l be discussed. The data r e f e r in tht main to the winter of 1977/78. 
B i r d s f a i t h f u l to one feeding site (Table 3. 49) - During 1977/78 Curlews 
f a i t h f u l to the i r Low Water feeding site throughout the winter were found only on 
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Table 3.41 
Marked Curlews f a i t h f u l to a single Low Water feeding site: 
sightings of b i rds at Low Water during the winter of 1977/7E 
A S O N D J F M A 
R O/G a O ®e © © ©© a © @ © ©«® d 
G W / O a ©e © ee e ©« d 
Y W/R a ©© © • « w ( a®® #e d 
R O/O a © ®#» e »e « e t » ©»e ®©d 
R W/R a a « i 0 99 © d 
W Y / Y a»©o •© d 
W W/W a • n x n m n d 
Y G/Y a n • x an nad 
R O/R a a • • • d 
R G/W a • • n d 
L O/G a n n • d 
R L / O a o D • • d 
Symbols represent the number of observation-days each month that 
individual Curlews were seen on the Low Water feeding areas on Seal Sands. 
A l l sightings of feeding at Low Water are shown. 
Key: o = Centra l Bank - south 
• = Greenabella Bank 
x = Scalloped Mud - west 
a = month in which f i r s t seen/r inged 
d = month in which last seen 
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Cent ra l Bank and Greenabella Bank. Six of the 10 marked Curlews seen feeding at 
Low Water on Central Bank - south d id so throughout the i r per iod of stay. No changes 
in Low Water feeding site were observed on extreme t ides . On Greenabella Bank 
6 marked b i rds were f a i t h f u l to their Low Water site f o r the whole win te r . None 
of these b i rds was seen feeding anywhere else on Seal Sands at Low Water , 
except on 2 extreme neap Low tides when much of the lowest mud on Greenabella 
Bank remained covered. On the ebb and f lood tides throughout the winter they 
used feeding sites consistent w i t h the use of Greenabella Bank at Low Water (see 
below). Therefore although Low Water sightings of marked Curlews on Greenabella 
Bank were infrequent , these individuals did appear to feed almost exclusively on 
Greenabella Bank, throughout the win ter . 
In contrast to the Grey P lovers , Curlews were f a i t h f u l to feeding areas at 
more than one t ida l level (mid on Central Bank, m i d and low on Greenabella Bank) 
and on a var ie ty of substrates (mud and soft mud on Centra l Bank, soft and l i qu id 
muds on Greenabella Bank). 
B i r d s that changed the i r Low Water feeding site (Table 3. 50) Seasonal 
changes in Low Water feeding site wi thin Seal Sands were detected amongst 
10 marked Curlews dur ing the winter of 1977/78. In general , feeding sites 
that were abandoned dur ing the winter were on areas of Seal Sands at high or m i d -
t ida l levels (Scalloped Mud, Eastern Channel), the marked b i rds moving to areas 
at lower t ida l levels (usually Greenabella Bank) (Table 3. 51). In addition, at 
least 9 moved f r o m Seal Sands to feed on f ie lds in mid -win te r (see Section 3. I I . C) . 
Changes in Low Water feeding site occurred p a r t i c u l a r l y f r o m November to March , 
and were shown by both t e r r i t o r i a l and n o n - t e r r i t o r i a l individuals . 
Differences in seasonal use were found not only between, but also w i t h i n , 
areas. The number of marked Curlews feeding on the eastern half of Scalloped Mud 
24q 
Table 3 .5o 
Marked Curlews which changed the i r Low Water 
feeding site wi th in Seal Sands during a win ter : 
sightings of b i rds at Low Water during the 1977/78 winter 
Marked 
Curlew 
Y N / W 
Y W / O 
O N D M 
f f n p D D O W nod 
? ? • d 
B R / W 
Y O / L 
a ® © ®@® 
®® ® xxd 
L R / L 
O W / O 
R G/O 
R R / Y 
a X X X X X X X X X X X X X XX XXXX X X X X X X XX 
a xx xxxxx xxxx xxx Oxxx xxDx xxQxx nx Dxn d 
a x xxx XX xx d 
w o/o 
Y O/O 
a A A 
© 
• ©n 
©a • D 
d 
• d 
Symbols represent the number of observation-days each month that 
individual Curlews were seen on the Low Water feeding areas on Seal Sands. 
Key: o Centra l Bank - south 
© Centra l Bank - centra l 
• Greenabella Bank 
V Eastern Channel 
® Scalloped Mud - east 
x Scalloped Mud - west 
A Centra l Channel 
B Br ine f i e ld s 
a Month in which f i r s t seen/r inged 
d Month in which last seen 
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decreased f r o m September to January (matching the seasonal decrease in 
temperature) , whereas the number on the western half va r i ed l i t t l e through the 
winter (Table 3. 52). Many of those on the lat ter defended long- te rm t e r r i t o r i e s . 
Those feeding on the eastern par t in autumn moved pa r t i cu la r ly to the f ie lds in 
m i d winter (Table 3. 51) r e tu rn ing to Seal Sands only under exceptional weather 
conditions (see Section 3. I I . C. 2. below). 
3. I I . B . 1. c. F ide l i ty to a Low Water feeding site between years 
In this section I shal l show that some marked Curlews on a l l the wel l 
studied areas used the same Low Water feeding site in successive years . The 
propor t ion of marked Curlews re tu rn ing to the same Low Water feeding site between 
years was higher on Greenabella Bank and the southern section of Central Bank 
than on other sections of Seal Sands. 
Several marked Curlews were observed in 2 or more winters . However, 
as observations in winters other than 1977/78 were less detailed and/or less 
extensive, comparisons are l i m i t e d . The f i de l i t y of marked Curlews to Low 
Water feeding sites between years is set out in Table 3. 53. (As some birds 
changed their Low Water feeding site during a winter year - to-year comparisons 
are made only between sites used on s i m i l a r dates.) Overa l l , marked Curlews 
tended to feed at Low Water on the same section of Seal Sands as in the previous 
winter (22 out of 35 cases). 
F ide l i ty to a Low Water feeding site was most marked on the southern 
section of Centra l Bank. Four of the 6 b i rds which fed there throughout the 
1977/78 winter were feeding in the same area in August 1978, and at least 2 
continued to do so throughout the 1978/79 winter (N. C. Davidson, L . R. Goodyer, 
F . L . Symonds, pers . c o m m . ) . F ide l i ty was also high on Greenabella Bank. Thus 
marked b i rds on these 2 areas are usually f a i t h f u l to a Low Water site not only 
throughout a winter (see Section 3. I I . B . 1. c. above) but also between win te rs . 
Table 3 .52 
The number of marked Curlews feeding 
at Low Water on the 2 halves of Scalloped Mud 
dur ing the winter of 1977/78 
A S O N D J F M A 
Eastern half 6 7 2 3 3 1 6 1 3 
Western half 4 4 4 5 4 4 3 4 5 
Table 3.53 
The f i d e l i t y of marked Curlews to a Low Water 
feeding site between years 
Number of 1976/77 marked Curlews 
1977/7 8 
Feeding in same 
area at same 
t ime of year 
Feeding in Feeding area Did not 
a d i f fe ren t on Seal Sands r e tu rn to 
area unknown Seal Sands 
ECh 1 0 0 0 
S M e 2 2 (CB;SM W ) 3 2 
S M w 4 3 (GB;GB; 
GB+GC) 
0 3 
GB 3 1 ( S M W / C B 8 ) 1 0 
CCh 0 1 (GB) 0 0 
Number of 1977/78 marked Curlews 
78/79 
ECh 0 0 2 0 
C B n 1 0 0 0 
C B C 0 1 (CCh) 2 0 
C B S 5 0 4 1 
S M e 1 2 (CB;CCh) 11 1 
S M W 2 1 (GB) 7 0 
GB 3 1 (SM W ) 13 2 
CCh 0 0 2 0 
Key as on Table 3.19 
Much of the data f o r 1978/79 supplied by N . C. Davidson, L . R. Goodyer 
and F. L . Symonds, (pers. c o m m . ) 
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Some marked Curlews showed s i m i l a r seasonal changes in Low Water feeding 
si te in successive win te r s , thereby being " f a i t h f u l " to more than one site dur ing 
a win te r . For example Y N / W fed on Eastern Channel and Greenabella Bank at 
s i m i l a r t imes during the winters of 1976/77 and 1977/78. Also O W / O fed on 
both Greenabella Bank and Scalloped Mud during 1977/78 and 1978/79. However 
O W / O began feeding on Greenabella Bank much ea r l i e r than in 1978/79 (August) 
than in the previous winter (December). 
Most of the marked Curlews which used d i f fe ren t Low Water feeding sites 
in successive years were seen only occasionally. However one b i r d (B R/W) was 
observed in 4 successive winters during which i t changed i ts Low Water feeding 
site several t imes (Table 3. 54). It was f i r s t seen in autumn at the Low Water 
feeding site used in the previous spr ing , as were those b i rds that were f a i t h f u l to a 
si te both during and between win te r s . This indicates that there may be an advantage 
in re turn ing to the same site in successive years , i f the food supplies are s i m i l a r 
each year . This advantage would be lost i f the density of available prey on the 
si te were too low to last the win te r . This may have been the reason fo r B R / W 
leaving the eastern side of Scalloped Mud in late autumn 1977. 
Many of the marked Curlews which fed in d i f fe ren t Low Water sites in 
successive years changed between Greenabella Bank and the western half of 
Scalloped Mud (Table 3.53). In some cases (e.g. O W / O , B R /W, see above) r ea l 
changes in Low Water feeding site between years did occur. In others the paucity 
of observations in winters other than 1977/78 prevent a dist inction between 
temporary changes (for example because of gales hinder ing feeding at the Greenabella 
Bank tide edge) and permanent changes f r o m being made. It is thought l i ke ly that 
f u r t h e r in format ion on the sites used would lead to a reduction in the number of 
permanent changes between Greenabella Bank and the western part of Scalloped Mud 
f r o m that estimated in Table 3. 53. 
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Table 3.54 
The Low Water feeding sites used by one marked Curlew 
(B R /W) on Seal Sands during 4 winters 
O N D M 
1975/76 r CCh 
1976/77 a GB GB GB S M Q d 
1977/78 aSMe S M e SMg SMg/CBg SMg/CBg C B S C B S C B S d 
1978/79 aCBo 
Key: 
d 
CCh 
GB 
S M e 
C B S 
month in which bird colour-ringed 
month in which bird arrived on the estuary 
month in which bird emigrated 
Central Channel 
Greenabella Bank 
Eastern half of Scalloped Mud 
Southern part of Central Bank 
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3. I I . B . l . d . Summary 
At Low Water marked Curlews could be found on a l l the mudflats of Seal Sands. 
The m a j o r i t y fed on the sof ter muds at m i d or low t ida l levels , including the Low 
Water t ide edge. 
Fidel i ty to a Low Water feeding site during a winter was high amongst marked 
Curlews on Greenabella Bank and the southern section of Central Bank. B i rds 
feeding in the autumn on other areas of Seal Sands changed Low Water site dur ing the 
win te r . They moved f r o m the higher mudflats (Scalloped Mud, Central Bank, Eastern 
Channel) either to the lower mudflats (Greenabella Bank) or to the f i e ld s . The changes 
in Low Water feeding site were cor re la ted with seasonal changes in temperature. 
F ide l i ty to a Low Water feeding site between years was shown on a l l areas. 
I t was highest amongst marked Curlews feeding on Greenabella Bank and the southern 
section of Central Bank. Thus the greatest f ide l i t y to a Low Water site both dur ing 
a winter and between years was found on the same areas of Seal Sands. 
3. n . B . 2. Feeding sites used during the t ida l cycle 
Ei ther side of the Low Water per iod , as the t ide ebbed and f lowed across the 
mudf la t s , the overa l l d i s t r ibut ion of Curlews on Seal Sands changed (Section 2. C. 3). 
In this section I shall show that the ebb and f lood tide feeding sites chosen by most 
marked Curlews were determined by the i r Low Water feeding si te. Seasonal changes 
in ebb and f lood tide feeding sites were cor re la ted wi th changes in Low Water s i te . 
3. I I . B . 2. a. Sites used 
Choice of feeding site on the ebbing tide - Most Curlews moved f r o m 
thei r roost sites to Central Bank or Scalloped Mud on the ebbing tide before they 
began to feed. As described in detail in Section 2 .C , they spread out across 
the mudflats fo l lowing the re t rea t ing tide edge. Later in the t ida l cycle the 
lower mudflats (Eastern Channel, Greenabella Bank and Centra l Channel) and 
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the lower parts of Centra l Bank and Scalloped Mud became exposed. Some 
Curlews continued feeding on the higher mudf la t s , but most f l ew over to the 
lower areas as soon as they were uncovered. 
A Curlew that wishes to feed on the ebbing t ide before i t s Low 
Water feeding area is exposed must do so either on Scalloped Mud or Centra l 
Bank. The hypothesis proposed f o r Grey Plovers (Section 3. I I . A . 2. a.) applies 
also to Cur lews, namely: 
I f prey density is more or less u n i f o r m over the exposed mudf la ts , an 
indiv idual Curlew should feed on the ebbing tide on the area closest to i t s 
Low Water feeding si te . By doing so i t would m i n i m i s e the distance i t had 
to f l y when the lower mudflats were exposed. The predic ted routes f o r Curlews 
are shown in F ig . 3. 23. 
This hypothesis was examined wi th the data on marked Curlews collected 
during the winter of 1977/78. The less complete in fo rmat ion f o r 1976/77 and 
1978/79 was used to c o n f i r m the resul ts f o r 1977/78. Marked b i rds fed on both 
Scalloped Mud and Central Bank in a l l 3 years (Table 3. 55). Some individuals 
showed seasonal changes in the i r ebb t ide feeding site (see below), hence the 
high number that used both areas wi th in a win ter . The predictions concerning 
the Low Water and ebbing tide feeding sites used in the 1977/78 winter were 
upheld (F ig . 3. 24). The ebb t ide sites used by the group of marked Curlews 
feeding at Low Water on "Scalloped Mud and Greenabella Bank" were s igni f icant ly 
d i f fe ren t (exact probabi l i ty test f o r 2 x 2 contingency table P 0. 001 per cent) 
f r o m those used by b i rds feeding at Low Water on "Centra l Bank, Eastern 
Channel and Central Channel". This applied both to b i rds which moved to 
lower t i da l levels (e .g . Greenabella Bank) and to those staying on the highest 
areas of Scalloped Mud and Centra l Bank. 
The incomplete data f o r the winters of 1976/77 and 1978/79 do not 
Roost site 
Key as on Fig. 3.14 
3. 23 The predicted routes of Curlews across Seal Sands 
on the ebb t ide, i f t r ave l t ime and distance are to be 
min imised . 
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Table 3.55 
The feeding sites used by marked Curlews 
on the ebb tide, during 3 winters 
Ebb tide feeding sites 
1977/78 
Number of Curlews 
1976/71 1978/79 
Scalloped Mud 
Central Bank 
Scalloped Mud and 
Central Bank 
Unknown 
21 
9 
22 
17 
12 
1 
2 
27 
8 
15 
8 
27 
69 42 58 
Date for 1978/79 from N. C. Davidson, L . R . Goodyer and 
F . L . Symonds, pers. comm. 
From Scalloped Mud to 
Low Wafer feeding sites 
From Central Bank to 
Low Water feeding sites 
1977-78 
13 1 
1 
13 
1 
1976-77 
\ 
1978-79 
7 2 ) 1 1 1 
Mudbanks of Seal Sands 
ECh itfh CB ( Key as on Table 3.19) GB 
SM 
Figure 3. 24 The movements of marked Curlews between feeding sites 
on the ebb tide, during three winters. 
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support the hypothesis (exact probability test, P > 10 per cent in both winters). 
This is due in part to the number of observations of marked Curlews which 
moved from Central Bank to Greenabella Bank during these winters. As 
Curlews feeding on Central Bank gradually moved north-westward across 
Central Bank and Central Channel with the retreating tide (Section 2. C. 3) the 
distance they had to fly to Greenabella Bank when it became exposed was not 
much greater than that from Scalloped Mud to Greenabella Bank (Fig. 2.19). 
Once the lower mudflats on Seal Sands became exposed by the outgoing 
tide Curlews had a choice of areas on which to feed at Low Water. Some marked 
birds (27) fed at Low Water on the higher parts of Scalloped Mud and Central 
Bank, areas to which they could walk from their first ebb tide feeding site on the 
main mudflats. These birds therefore expended little energy in moving to their 
Low Water feeding site. The majority of marked Curlews (35 - an under-
estimate; see Section 3. I I . B . 1. a) fed on the lower mudflats, particularly 
Greenabella Bank, and had to fly up to 1 kilometre between ebb tide and Low 
Water feeding sites. As they returned to the higher mudflats on the flood tide 
they, like the Grey Plovers, followed a "feeding circuit", as defined earlier. 
As the majority of marked Curlews followed feeding circuits this behaviour 
presumably resulted in considerable advantages that outweighed the costs of 
travelling: 
1. they may have encountered higher prey densities on the lower mudflats. 
2. since the availability of their main prey Nereis diversicolor 
is maximal at/near the tide edge (Vader 1964), by following 
it and thereby making a feeding circuit, most Curlews fed 
where the proportion of the prey that are available is at its 
maximum. 
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The absence of major differences in prey density between the higher and 
lower mudflats (Appendix 4) means that the observed movements between feeding 
areas are probably a response to differences in availability. 
Timing of movements between feeding areas - To maximise the advantage, 
just detailed, the Curlews should move from the higher to the lower mudflats as 
they become exposed. They should then remain at/near the tide edge throughout 
the Low Water period and again on the flooding tide, only leaving when the 
particular mudflat is covered by the tide. 
Most marked Curlews moved between feeding areas exactly as predicted 
and no delays, seen amongst the Grey Plovers, occurred. This applied not only 
to birds moving to the lower mudbanks, e. g. Greenabella Bank, but also to 
those walking to nearby Low Water sites on high mudflats. On the flooding tide 
the only marked Curlews that left before being pushed off by the tide were those 
that had finished feeding and flew over to roost on Scalloped Mud or Central Bank. 
Choice of feeding site on the flooding tide - Those Curlews feeding on 
the higher mudflats at Low Water flew directly to their roosts when the incoming 
tide covered their feeding site. Those individuals that were pushed off the 
lower mudflats by the flooding tide and still wanted to feed moved either to 
Central Bank or Scalloped Mud. One would predict that, as on the ebb tide, 
these Curlews should minimise the distance flown between mudflats. Consequently 
the predicted routes are the reverse of those shown in Fig. 3. 23. 
Marked Curlews fed on both Central Bank and Scalloped Mud (Table 3. 56) 
the area used being determined, as predicted, by the Low Water feeding site 
in all 3 winters (Fig. 3. 25). The flood-tide feeding sites used by those marked 
Curlews feeding at Low Water on "Scalloped Mud and Greenabella Bank" were 
significantly different from those used by birds feeding at Low Water on 
"Central Bank, Eastern Channel and Central Channel" during both 1977/78 
Table 3.56 
The feeding sites used by marked Curlews 
on the flood tide during 3 winters 
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Flood tide feeding sites 
Scalloped Mud 
Central Bank 
Scalloped Mud and 
Central Bank 
Unknown 
Number of Curlews 
1977/78 
11 
10 
15 
33 
69 
1976/77 1978/79 
12 
0 
36 
42 
1 
40 
58 
Data for 1978/79 from N. C. Davidson, L . R . Goodyer and 
F . L . Symonds, pers. comm. 
from Low Water feeding 
sites to Scalloped Mud 
From Low Water feeding 
sites to Central Bank 
1977-78 
\ 
J 
1976-77 
X 1 
/ ® I 4 ' 1 
1978-79 
7 ) 2 @ 0 i 
ECh 
CB 
I-
SM 
Figure 3. 25 The movements of marked Curlews between feeding 
— ' sites on the flood tide, during three winters. 
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( 16.46, 1 d.f„ , P < 0. 001) and 1978/79 (exact probability test for 2 x 2 
contingency table, P = 1. 82 per cent), but the difference was not significant 
using the sparse 1976/77 data ( P = 20 per cent). 
Roosting on the flooding tide - A comparison between Tables 3. 55 and 
and 3. 56 shows that, although the feecing sites of many marked Curlews were 
not identified on the ebb and flood tides, the number of 'unknowns' on the flood 
tide was considerably higher, constituting half the number of marked Curlews 
present on the estuary in 1977/78. It is believed that this arose because many 
Curlews that fed on Seal Sands at Low Water stopped feeding when the tide 
covered their Low Water site, so that, instead of feeding on the flood tide, 
they roosted then. Some stayed on Seal Sands (Scalloped Mud or Central Bank), 
others flew straight from their Low Water site to the High Water roost , 
e.g. B R/W from Greenabella Bank, 10th December 1976; Y N/W from Eastern 
Channel, 25th October 1977. 
Support for this idea comes from sightings of marked Curlews on 
Seal Sands in 1977/78. Of the 33 marked birds for whom no flood tide feeding 
sites could be determined (Table 3. 56) 18 were seen roosting on Seal Sands 
on the incoming tide, suggesting that they had fed on Seal Sands at Low Water. 
Indeed 12 of them were observed doing so. Presumably these birds had met 
their energy requirements in the earlier stages of the tidal cycle (unless 
they also fed elsewhere at High Water) and therefore did not need to feed on 
the flooding tide. Since 8 of these 12 marked birds fed at Low Water on 
Greenabella Bank (a significantly higher proportion than that for birds known 
to feed on Seal Sands at both Low Water and on the flooding tioe ( "xf = 4. 01, 
P < 0. 05) ), it may be that energy requirements can be satisfied more rapidly 
there than elsewhere on Seal Sands. 
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Feeding at the edge of Eastern Channel - Feeding by marked Curlews along 
the Eastern Channel tide edge or on the adjacent Peninsula Sands, the first 
areas to be uncovered by the ebbing tide, was observed only rarely. Eight 
individuals were involved, only one being seen there more than once during 
the winter (Y G/Y, seen twice). The occurrence of feeding there was not 
related to the Low Water feeding site used or to whether or not the individual 
defended a territory at Low Water. 
The paucity of sightings of marked Curlews and the seasonal pattern of 
occurrence (Table 3. 57) indicate that Eastern Channel is not important as an 
extra feeding site for Curlews at those times of tide when the main mudflats 
are covered, even during the coldest months. Furthermore, when feeding 
along Eastern Channel at this stage of the tide, the Curlews did not always feed 
at the tide edge, feeding instead on the open sandy mud nearby. The bouts of 
feeding were usually intermittent, the bird often stopping to preen or look around. 
Feeding along Eastern Channel was related to the choice of roost site. 
Curlews were more likely to wait, and sometimes feed, along the Eastern 
Channel when their roost was on the Peninsula (on neap tides) or on the islands 
south of the main shipping channel of the river Tees. 
On only one occasion did Curlews feed along the Eastern Channel tide 
edge when feeding conditions were difficult, namely on 17th January 1978 when 
5 individuals were feeding. The midday air temperature on that day was very 
low (1° C). 
Towards High Water feeding along the Eastern Channel tide edge was 
desultory and was observed on only 3 occasions, in August, October and November. 
The proportion of females feeding along the Eastern Channel tide edge 
on both ebb (3 females, 3 males, 2 unsexed) and flood (2 females, 1 male) tides 
was greater than that in the ringeo population as a whole. This contrasts with 
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Table 3.57 
The occurrence amongst marked Curlews 
of feeding along the Eastern Channel tide 
edge on the ebb tide, during 1977/78 
A S O N D J F M Total 
Number of days on which 
Eastern Channel tide 
edge checked for birds 1 2 3 2 2 3 2 2 17 
Number of days on which 
marked Curlews seen 
feeding there 0 1 0 1 1 1 0 0 
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the almost complete absence of ringed females feeding on the fields at High 
Water during the study (see Section 3. II. C. 2.b) and may indicate a preference 
of females for feeding on intertidal substrates. Males appeared to gain extra 
feeding time by feeding on the fields (see Section 3. II. C. 2.b, below). 
3. n. B. 2.b. Seasonal changes in feeding sites used during the tidal cycle 
Changes in ebb and flood tide feeding sites of several marked Curlews 
were observed during the 1977/78 winter. Some changes were correlated with 
changes in Low Water feeding site, but the total number of changes on the ebb and 
flood tides were greater than of those at Low Water. 
It was shown above that Curlews minimise their travelling between 
feeding sites on Seal Sands by choosing ebb/flood tide feeding areas closest to 
their Low Water feeding site (at least during 1977/78). If the relationship 
between Low Water and ebb/flood tide feeding sites is maintained throughout 
the winter, it is possible to predict changes in ebb and flood tide sites associated 
with changes in the site used at Low Water, as explained for Grey Plovers 
(Section 3. II. A. 2.b). 
The predictions were examined with data from the marked Curlews known 
to have changed their Low Water feeding sites within Seal Sands (i. e. excluding 
birds which moved to the fields) during the 1977/78 winter (Table 3. 58). 
Observations on ebb and flood tide feeding sites were less frequent than those 
at Low Water so it is more difficult to determine if and when changes occurred. 
Nevertheless it is clear that the predictions were upheld on both ebb and flood 
tides for marked birds moving from Low Water sites on Scalloped Mud (Table 3. 58, 
first 3 categories). Birds that changed Low Water site from Central Bank - central, 
Eastern Channel or Central Channel (Table 3. 58) either showed no change on 
ebb or flood tides, or a change on just one of them. 
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Predictions can also be made for the 12 individuals which did not change 
their Low Water site during a winter (Table 3. 4S). If minimising travel as 
shown in Section 3. II. B. 2. a, above, these birds should continue to use the 
same ebb and flood tide feeding sites throughout their stay on Seal Sands. This 
was found for all 6 feeding on the southern section of Central Bank, with the 
exception of G W/O on 2 occasions. Once during the severe weather in 
February it fed on Scalloped Mud instead of Central Bank on the ebb tide, 
and once in mid April it fed on Scalloped Mud on the flood tide after feeding 
there at Low Water. On both occasions the change could be related to the 
likelihood of food shortage - due to reduced availability in February and to low 
absolute density in April. The 6 marked Curlews which fed at Low Water 
throughout the winter on Greenabella Bank were less predictable than the birds 
faithful to the southern part of Central Bank. On the ebb tide 4 were seen at 
least occasionally on Scalloped Mud or Central Bank on different days during 
the winter. Three were seen on Scalloped Mud or Central Bank on the flood 
tide. No seasonal trends could be detected in these observations. Changes were 
observed in the ebb and flood tide feeding sites of other marked Curlews, often 
those whose Low Water feeding sites had not been determined. Again no 
seasonal trends were apparent. 
Through the winter no overall trend away from one ebb tide feeding site 
(Scalloped Mud or Central Bank) to the other (Central Bank or Scalloped Mud) 
was detected. It is therefore unlikely that the observed changes are a consequence 
of difficulty in obtaining sufficient food on either site. Some marked Curlews 
did choose their ebb and flood tide feeding sites in order to minimise their 
travelling between feeding sites. The failure of others to do so could have been 
due to: 
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a) the distance travelled from Central Bank (or Central Channel) to 
Greenabella Bank being little further than that from Scalloped Mud 
to Greenabella Bank. If this is so, there would be no advantage in 
using only Scalloped Mud on the ebb and flood tides when feeding on 
Greenabella Bank at Low Water. 
b) factors other than distance between feeding sites influencing their choice 
of feeding area. For individuals that feed very little on the flood 
(and perhaps ebb) tide, proximity to the High Water roost may be a 
stronger influence on the choice between Scalloped Mud and Central Bank. 
3. II. B. 2. c. Fidelity between years to feeding sites used during the tidal cycle 
As choice of ebb and flood tide feeding sites was in general determined by 
the Low Water feeding site used, fidelity to a Low Water feeding site between 
years should result in fidelity on the ebb and flood tides. No exceptions to this 
expected pattern were observed. 
3. II. B. 2.d. Summary 
On the ebb tide marked Curlews began to feed either on Central Bank or 
Scalloped Mud. The feeding site chosen was determined by the Low Water feeding 
site used by the individual. Similarly birds feeding on the flood tide chose 
the site closest to their Low Water feeding site. In this way they minimised the 
distance flown between mudflats on Seal Sands. 
The majority of marked Curlews followed feeding circuits, moving from 
the higher parts of Central Bank or Scalloped Mud to the lower mudflats (particularly 
Greenabella Bank) as they became exposed, and then returning to the higher 
areas on the flood tide. A few birds fed at Low Water on the higher parts of 
Scalloped Mud and Central Bank, so no feeding circuit was involved and very 
little energy used in moving between sites. 
Many Curlews roosted on the flood tide, particularly those feeding at 
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Low Water on Greenabella Bank. 
Feeding along the Fastern Channel tide edge before the main mudflats 
of Seal Sands became exposed was rarely seen and usually desultory. Its 
occurrence was related more to the roost site used at High Water than to 
adverse conditions under which extra feeding might be required. 
During a winter,changes in Low Water feeding site were, in general, 
accompanied by changes in ebb and flood tide feeding site such that travel 
between sites on Seal Sands continued to be minimised. However, changes in 
ebb and flood tide feeding site were more frequent than changes in Low Water 
site. 
No differences between the sexes were detected in the feeding sites used 
during the tidal cycle. 
3. II. B. 3. Feeding territories 
Both defence of individual space and true territoriality as defined 
earlier (Section 3. II. A. 3) were shown by Curlews feeding on Seal Sands. 
Disputes over individual space were rare (Table 3. 59) as reported also by 
Goss-Custard (1970). They occurred most frequently at the tide edge where the 
near est-neighbour distances between Curlews were smallest (Table 3.60). 
Transgression of individual space was much less frequent on the open mud well 
away from the tide edge where the density of feeding Curlews was much lower 
(Table 3.60). Interactions over individual space generally lasted less than 
5 seconds. 
True intraspecific territoriality was observed amongst the Curlews on 
Seal Sarids throughout the winter of 1977/78. Observations in the previous 
winter, 1976/77, were confined mainly to Eastern Channel. Intraspecific 
territoriality in wintering Curlews has also been observed elsewhere in Great 
Britain (Goss-Custard, 1970) and in the Dutch Wadden Sea (Ens, 1979). 
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Table 3.59 
Defence of individual space amongst feeding Curlews: 
the frequency of displacements amongst feeding marked 
Curlews that were not defending territories, during 1976/77 
N D J F M A 
EBB TIDE 
Number of minutes of 
observation on marked 
birds 0 25 3 0 0 7 
Number of displacements 
observed - 1 0 - - 0 
Rate of displacements 
per bird per hour - 2.40 0 - - 0 
LOW WATER 
Number of minutes 
observation on marked 
birds 0 10 26 20 30 42 
Number of displacements 
observed - 0 0 0 0 0 
Rate of displacements 
per bird per hour - 0 0 0 0 0 
FLOOD TIDE 
Number of minutes 
observation on marked 
birds 17 17 24 0 13 0 
Number of displacements 
observed 
Rate of displacements 
per bird per hour 3.53 0 0 0 
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Table 3.60 
Nearest-neighbour distances between 
Curlews feeding at the tide edge and on open mud 
TIDE EDGE 
Section of 
Seal Sands 
Greenabella Bank 
Date 
1.12.77 
26. 1.78 
7. 3.78 
Marked 
bird 
O W/O 
R W/W 
W W/W 
Nearest-neighbour 
distance 
(metres) 
< 3 
< 1 
OPEN MUD Scalloped Mud 
Greenabella Bank 
14. 2.78 
7. 3.78 
Y O/R 
R Y / N 
> 5 
5-10 
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Terr i tor ia l i ty in Curlews had the same characteristics as in Grey 
Plovers, namely that conspecifics were excluded by means of calls, displays 
and direct aggression. Boundary disputes between neighbouring terr i tory holders 
were often lengthy, especially in autumn (Table 3.61). Whilst in possession of 
a te r r i tory , the owner predictably fed on the same site each time it was exposed 
at Low Water, It also roosted and preened in its terr i tory. 
3. I I . B. 3. a. Sites in which terr i tor ia l i ty was observed (Fig. 3. 26) 
In this section I shall show that Curlews held territories mainly on 
mudbanks at mid tidal levels. They often used softer substrates than t e r r i to r i a l 
Grey Plovers, 
During 1977/78, terr i tor ia l i ty in Curlews was observed on only a few 
areas of Seal Sands, namely Eastern Channel, the southern section of Central 
Bank and Scalloped Mud (Table 3.62). In Eastern Channel, 2 terri tories were 
defended by marked Curlews, one in the northern part and one in the softer mud 
nearer the Reclamation Wall, close to Central Bank. Unmarked Curlews were 
also seen to defend terri tories along much of Eastern Channel,but not on the 
softest muds close to the Reclamation Wall. The Curlews that occasionally fed 
at Low Water on the very sandy mud of Eastern Channel and on the adjacent Peninsula 
Sands were not seen to defend terr i tor ies . 
On Central Bank terr i tor ia l i ty amongst Curlews was observed only on the 
southern section. Four marked Curlews all defended sites mainly on the softer 
mud south of the sandy ridge. Few of the unmarked Curlews seen feeding there 
defended terr i tor ies . On the more northern areas of Central Bank te r r i to r ia l 
behaviour may have been overlooked because of the distance of these areas 
f rom the observation points on the Reclamation Wall. 
Terr i tor ia l i ty amongst Curlews on Scalloped M i d was in the main 
confined to the western half. Here terr i tories of marked and unmarked birds 
Table 3.61 
The duration of some disputes over 
te r r i to r ia l boundaries between Curlews on Seal Sands 
Section of 
Seal Sands 
Eastern Channel 
Scalloped Mud - west 
I! M 
Central Bank - south 
Date 
27.11.76 
10.12.76 
17. 9.77. 
10. 9.77 
19. 9.77 
24. 9.77 
24. 9.77 
24. 9.77 
11. 4.78 
Marked 
b i rd 
Y N/W 
L R / L 
O W/O 
R G/O 
O W/O 
L R / L 
R O/G 
Duration of 
dispute 
(mins) 
13 
4 
3 
8 
20 
7 
4 
6 
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abutted, almost the whole western mudbank being divided up into ter r i tor ies . 
Up to 10 feeding areas were defended there during the 1977/78 winter. On 
the eastern section only 3 Curlews (one marked) defended feeding sites, all 
temporarily. 
Terr i tor ia l i ty was never observed in either marked or unmarked 
Curlews feeding on Greenabella Bank or Central Channel during the winter of 
1977/78. 
Few observations were made upon the use of space by Curlews in other 
winters, but the data available for 1976/77 confirm the pattern described above. 
Three marked Curlews were seen to defend terr i tor ies , one in the northern 
section of Eastern Channel and two on the western half on Scalloped Mud. 
Thus, although the areas in which Curlews defended territories were not 
identical to those in which Grey Plover terr i tories occurred, there was 
considerable overlap in the sections of Seal Sands used (compare Figs. 3.17 
and 3. 26). Both species defended terri tories on the same parts of Eastern 
Channel. Neither attempted to defend feeding sites on either Greenabella Bank 
or Central Channel, thus avoiding the areas of highest density of feeding waders 
(of al l species) at Low Water, 
Curlews also defended terri tories on softer muds than were used by 
Grey Plovers. This was particularly evident on Scalloped Mud where Curlews 
defended areas almost solely on the softer western half and Grey Plovers mainly 
on the eastern half. Similarly on the southern section of Central Bank, Curlews 
generally avoided the sandy ridge used by te r r i to r ia l Grey Plovers. Curlews 
fed only at very low density on the dry Enteromorpha-covered mud of Central 
Bank - north (Table 3. 45), and l imited observations did not detect any te r r i tor ia l 
behaviour. This contrasts markedly with the high incidence of ter r i tor ia l i ty 
amongst the many Grey Plovers that fed there. 
2«H 
On the areas used by both t e r r i to r i a l Curlews and te r r i to r ia l Grey-
Plovers, i . e. Eastern Channel and parts of Scalloped Mud and Central Bank 
(Figs. 3.17 and 3.26) no direct interspecific competition for space was seen 
in over 50 hours of observations. No aggressive interactions over t e r r i to r i a l 
boundaries between individuals of the 2 species were seen during the study. On 
Eastern Channel and Scalloped Mud - west there was evidence that at least some 
terr i tor ies of Curlews overlapped in space with those of Grey Plovers. In 
these areas interspecific avoidance may have occurred. If so, the Grey Plover 
should not feed on the common ground when the Curlew was present, and vice versa. 
No measures of avoidance were made but i t was clear that Grey Plovers and 
Curlews along Eastern Channel rarely fed together. The data discussed in 
Section 3.1. E. 1. indicate that Grey Plovers may avoid Curlews but Curlews are 
not influenced by Grey Plovers feeding nearby. 
A l l the areas on which Curlews defended terr i tories lie at mid tidal 
levels, being uncovered for 5^/2 - 7^/4 hours each tidal cycle (Table 3.63). 
3. n . B. 3. b. Changes in te r r i tor ia l i ty during the tidal cycle 
The 2 t e r r i to r ia l marked Curlews on Eastern Channel and 2 of the 4 on 
Central Bank - south defended their terr i tor ies throughout the period of exposure 
by the tide. Thus they arrived on the area on the ebb tide before other Curlews 
297 
Table 3.63 
The periods of exposure of terri tories 
regularly held by marked Curlews 
Marked Section of Seal Sands Period of exposure 
Curlew on which terr i tory held (hours) 
Y N/W Eastern Channel 5.5 
Y W/O Eastern Channel 5. 5 
R R/Y Scalloped Mud - west 6 
R G/O Scalloped Mud - west 6.25 
R O/O Central Bank - south 6. 25 
O W/O Scalloped Mud - west 7 
L R / L Scalloped Mud - west 7. 25 
R O/G Central Bank - south 7.25 
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could begin feeding there and left only when pushed off by the incoming tide. 
Four of the 5 marked birds defending terr i tories on the western half of 
Scalloped Mud also remained on their terri tories throughout the period of 
exposure on some days. However they showed seasonal changes in Low Water 
feeding site (see Section 3. I L B . l . b . above) which resulted in seasonal 
changes between te r r i to r ia l and non-terri torial behaviour in at least one b i r d 
(see below). Two of these marked Curlews abandoned their terri tories 
during the Low Water period, at least one feeding non-territorially along the 
tide edge of Greenabella Bank. Changes between te r r i tor ia l and non-terr i tor ial 
behaviour in other marked Curlews regularly defending territories on 
Seal Sands were also observed during the winter (see below). 
Those marked Curlews with terri tories on the higher tidal levels of 
Scalloped Mud and Central Bank moved f rom their roost onto their feeding 
areas as soon as they were exposed. They very rarely fed on other areas 
before this t ime. In contrast Curlews with terri tories on lower mudflats 
exposed for shorter periods ( i .e . those at the top of Table 3.63) followed 
feeding circuits. At least one of those defending a terr i tory in Eastern 
Channel (Y N/W, at the lower, northern end) fed on Central Bank, acting 
non-terri torial ly, until its terr i tory was uncovered by the outgoing tide. 
Similarly i t was seen to feed again on Central Bank (non-territorially) when the 
flood tide had covered its te r r i tory . 
A feeding circuit was also employed by the marked Curlew (R R/Y) 
occupying the ter r i tory at the most northerly tip of the western half of 
Scalloped Mud. This terr i tory was at a lower tidal level than those nearer to 
the seawall. R R/Y fed on the adjacent and higher tip of the eastern half of 
Scalloped Mud until 3 1 /2 to 4 hours after High Water when its ter r i tory was 
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uncovered by the tide. On the flood tide R R/Y usually stopped feeding 
once its terr i tory was covered, but once continued feeding on the eastern 
half of Scalloped Mud. Again it showed ter r i tor ia l behaviour only on its Low 
Water feeding site. 
No marked Curlews defended more than one terr i tory during a 
tidal cycle. This contrasts with the behaviour of some marked Grey 
Plovers (see Section 3. I I . A. 3. b . ) . 
Defence of an exclusive feeding area is energetically expensive in 
that intruders have to be evicted f rom the terr i tory, at least until the 
boundaries are learnt and respected by other Curlews. Those terri tories 
on the higher tidal levels of Scalloped Mud and Central Bank (listed at the 
bottom of Table 3. 63) were particularly subject to disturbance by other 
Curlews, since, when li t t le of Seal Sands was exposed, feeding conspecifics 
were present at high density on the few uncovered mudflats. 
3. I I . B . 3. c. Seasonal changes in te r r i to r ia l behaviour 
in relation to the Low Water feeding area used 
In this section I shall demonstrate that none of the marked Curlews 
defended a terr i tory throughout their period of stay on the estuary. Each 
of the marked birds known to defend a feeding site changed between 
te r r i to r ia l and non-terri torial behaviour during a winter. There was no 
overall change in the proportion of marked Curlews defending feeding sites, 
as during mid-winter terri tories were abandoned on some areas and 
established on others. No Curlews defended territories on more than one 
site during a winter. 
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Changes in the occurrence of terr i tor ia l i ty were shown 
by all 12 marked Curlews seen defending feeding sites on Seal Sands during 
the winter of 1977/78 (Table 3. 6*f). However the type of change that occurred 
was related to the Low Water feeding area used. Those terri tories held by 
marked Curlews on Eastern Channel and on Scalloped Mud - west were used 
in the autumn but were then abandoned for at least part of the mid-winter period 
(see below). In contrast terri tories on Central Bank - south were not taken 
up until December - January, and two were then defended until spring (Table 3.64-). 
A l l 4 marked birds which took up terri tories on Central Bank had previously 
fed in the same area, non-terri torial ly, f rom August or September. 
There were also seasonal differences between birds on different areas 
in the time spent on the terr i tory during a tidal cycle. The marked Curlews 
on Central Bank - south remained there throughout the period of exposure, 
both when te r r i to r ia l and non-terri torial . The 2 on Eastern Channel changed 
in mid November f rom defence of their terri tories throughout the period of 
exposure to feeding non-territorially on Greenabella Bank when it was exposed 
and not using Eastern Channel at a l l . At least 2 of the marked Curlews on 
Scalloped Mud - west showed intermediate behaviour in mid winter. They 
remained on their territories throughout the Low Water period on some days; 
on others they left their territories around Low Water and fed elsewhere, at least 
one using Greenabella Bank (Table 3. 64a). 
Thus, although marked Curlews on both Eastern Channel and Scalloped 
Mud - west abandoned their terri tories during a winter, they behaved differently. 
The difference may have resulted f rom differences in the physical characteristics 
of the 2 sites. The terri tories on Eastern Channel were held on f i rmer , better-
Table 3.64-
Seasonal changes in ter r i tor ia l i ty shown by the 12 marked 
Curlews defending feeding sites on Seal Sands during the 
winter of 1977/78 
Marked 
Curlew O N D M 
Y N/W 
Y W/O 
L R / L 
R G/O 
R R/Y 
O W/O 
R O/O 
R O/G 
Y W/R 
G W/O 
R W/N 
B W/O 
VV VW W W-W - ? - -V? - • 
-? 
XXX X X X X K X X XXXXX X X X X X X X X X X X - X - X X X 
K - X X - X X X X -
XX XXKX 
XX XXXX X K X X X X XX 
X X X X X X -
XXX X 
XXXX 
X X - X 
xxx 
X X X - - X -
X - X 
O © O B 0 0 0 
o o o BO 
9 O 0 O O 0 ooe 
X X 
XXXX X X 
x x -
- X X - X X XX - X -
•O • OO0G 
© o o o o 0 0 0 O f l © 
o o o o o o o 
>© oo o(g) 
Number of 
birds showing 
te r r i to r ia l beha-
viour in each month 
Symbols represent the number of observation-days each month when each 
individual known to be present/absent and te r r i to r ia l /non- te r r i to r ia l„ 
AH sightings are shown. 
Key: v ter r i tory defended on Eastern Channel 
x te r r i tory defended on Scalloped Mud 
o ter r i tory defended on Central Bank 
® present on Scalloped Mud site but non-terr i torial 
o present on Central Bank site but non-terr i torial 
absent f rom ter r i tory 
Table Z.Uhx. 
The use of fercJccx^e^ on the western half of Scalloped Mud 
by 2 marked Curlews during 1977/78 
O N D J F M 
0 W/O 
Number of days that 
O W/O remained on 
Scalloped Mud - west 
throughout the period 
of exposure 
Number of days that 
O W/O was absent 
f rom or left Scalloped 
Mud - west at some 
time during the period 
of exposure 
Number of days on 
which O W/O seen 
feeding on Greenabella 
Bank 
L R / L 
Number of days that 
L R / L remained on 
Scalloped Mud - west 
throughout the period 
of exposure 
Number of days that 
L R / L was absent f rom 
or left Scalloped Mud -
west at some time 
during the period of 
exposure 
302 
drained mud than those on Scalloped Mud. Therefore the availability of prey probably 
fe l l more rapidly after exposure on Eastern Channel. The Eastern Channel sites 
were 0. 5 kilometres f rom Greenabella Bank and exposed only a few minutes 
earlier. Those on Scalloped Mud - west were exposed 2 hours earlier than 
Greenabella Bank and were only 200 metres away. Therefore birds on the latter could 
not only feed on Greenabella Bank throughout its period of exposure but also use 
their terri tories for 4 hours on the ebb/flood tides - a possibility not available 
to the Curlews with terri tories on Eastern Channel. Furthermore the Scalloped 
Mud birds did not need to undertake long flights like those required to move 
between Eastern Channel and Greenabella Bank. The Curlews that originally 
defended areas on Eastern Channel fed only on Central Bank or Scalloped Mud 
when Greenabella Bank was covered, so i t is presumed that these disadvantages 
made a feeding circuit incorporating Eastern Channel and Greenabella Bank 
relatively unprofitable. 
Observations of ter r i tor ia l i ty in unmarked Curlews during 1977/78 
(Fig. 3. 27) emphasize the difference in behaviour of birds on the various 
sections of Seal Sands. In Eastern Channel the Curlews were spaced out as i f 
defending terri tories f rom mid-August (when observations began) to A p r i l , 
and actual t e r r i to r ia l defence was observed in every month f rom September to 
March. It is not known whether the same unmarked individuals defended the 
same sites throughout the winter, but i t appeared that all the unmarked Curlews 
feeding on the Eastern Channel mudflats were t e r r i to r ia l . 
On Central Bank - south terr i tor ia l i ty amongst unmarked Curlews was 
observed once in early November and then f r o m February to A p r i l . However 
many Curlews, marked and unmarked, fed there non-territorially throughout 
the winter. This contrasts markedly with the spacing behaviour of Curlews on 
Eastern Channel. 
Central Channel 
Greenabella Bank 
Central Bank-north ? 
Central Bank-central ? 
Scalloped Mud-east a D 
Central Bank-south ° < > 
Eastern Channel ? t / / / / / / / / / / / / / / / / A ? 
Scalloped Mud-west ? r y 7 7 7 7 T / 7 7 / / 7 7 / / / / / / /~T~7{ 
I 1 i : — i 1 1 ! 1 1 1 « 
J A S O N D J F M A 
\f / ^ Area ± completely partitioned between ter r i tor ia l Curlews. 
Only a few of the Curlews present were defending terr i tor ies . 
Figure 3. 27 The seasonal occurrence of terr i tor ia l i ty amongst Curlews on 
areas of Seal Sands during the 1977/78 winter. 
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Terr i tor ia l i ty on Scalloped Mud - west was f i r s t observed in mid-August 
(when observations began) and continued throughout the winter until emigration 
in spring. Disputes over the position of te r r i tor ia l boundaries were particularly 
frequent during August and September. 
Terr i tor ial i ty on Scalloped Mud - east was observed on only 3 days in 
September and one in February during the winter of 1977/78. On each 
occasion the defence of a feeding site was temporary, and no long-term 
terri tories were defended there. 
There was no seasonal change in the number of marked Curlews 
defending feeding sites on Seal Sands (Table 3. 64), due to the variety of 
changes between terr i tor ia l and non-territorial behaviour described above. 
Using the data collected f rom marked Curlews and the population counts 
(Section 2. C) i t is possible to estimate the total number of Curlews that 
defended territories on Seal Sands (Table 3.65). There was no significant 
difference between the proportions in November and February, 
3. I I . B. 3. d. The causes of seasonal changes in use of space 
As for Grey Plovers, seasonal changes in Low Water feeding site 
and in te r r i tor ia l behaviour by Curlews sometimes occurred simultaneously. 
During the 1977/78 winter, 8 out of 22 seasonal changes in use of space at 
Low Water involved both a new site and a change in te r r i tor ia l behaviour 
(Table 3.66). The discussion of possible reasons for seasonal changes in 
use of space by Grey Plovers (section 3. I I . A. 3. d) applies equally to Curlews, 
with one exception: the disturbance of prey near to the surface caused by a 
high density of waders may not depress seriously the density of prey available 
to a Curlew. 
Table 3.65 
Estimates of the number of Curlews defending feeding sites 
on Seal Sands during autumn and mid-winter, 1977/78 
November 1977 February 1978 
Eastern Channel 15 5 
Central Bank - north 0 0 
Central Bank - central 0 0 
Central Bank - south 0 4 
Scalloped Mud - east 0 0 
Scalloped Mud - west 10 10 
Greenab&la Bank 0 0 
Central Channel 0 0 
Total number of 
t e r r i to r ia l Curlews 25 19 
Total population 240 290 
Percentage of population 
showing terr i tor ia l i ty 11/1 6^ 
The difference between November and February in the proportion of the 
population that is t e r r i to r ia l is not significant (*.* = 2. 59, p > 0. 05). 
Table 3.66 
Changes in use of space observed amongst marked Curlews 
at Low Water on Seal Sands during the 1977/78 winter 
Low Water Site 
Change No change 
F i r s t 
site 
Second 
site 
No No 
Si teDefence 
Yes Yes 
No Yes 
Yes No 
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1. Change in Low Water si te, always n o n - t e r r i t o r i a l - Four marked Curlews 
showed this change in use of space during the 1977/78 winter . No cause common 
to a l l could be ident i f ied (Table 3.67). One change coincided with f a l l i n g tempera-
tures in autumn (Fig . 3. 27a). The other three may have occurred d i rec t ly in 
response to low prey density, on Central Channel and Central Bank-centra l in 
autumn and on Scalloped Mud-east in spr ing . Al te rna t ive ly the autumn changes 
may have been in anticipation of feeding d i f f i cu l t i e s on the o r ig ina l sites la ter 
in the win ter . Three b i rds moved to lower t ida l levels , where prey avai labi l i ty 
was presumably higher; the fou r th moved f r o m an area avoided by most Curlews 
in m i d - w i n t e r , probably because of very low prey ava i lab i l i ty . 
2. Change in Low Water s i te , both sites defended - No marked Curlews 
showed this behaviour. 
3. Changes f r o m n o n - t e r r i t o r i a l to t e r r i t o r i a l behaviour, same site - Six 
cases were observed amongst Curlews during the 1977/78 winter . In 4 of the 
6 examples defence was only temporary , last ing no more than a single Low 
Water per iod . One individual showed temporary defence on the same site twice , 
in January and again in A p r i l . Temporary si te defence was corre la ted pa r t i cu la r ly 
wi th low temperatures and a high density of Curlews on the feeding area (Table 3.67). 
I t was observed only on areas at higher t ida l levels (Central Bank-south and 
Scalloped Mud-east). 
Establishment of a l onge r - t e rm t e r r i t o r y on a date wel l af ter an individual 
had a r r i v e d on Seal Sands was not common, but was shown twice by marked 
Curlews. In one case i t coincided wi th low temperatures in January. The other 
b i r d began defending in December, before the coldest weather. It may have 
changed i t s use of space in anticipation of more severe weather, or in response 
to the increased density of Curlews on i ts feeding area at that t ime . Both 
longer - t e rm t e r r i t o r i e s were defended on Central Bank-south. 
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Figure 3.27a The changes in Low Water feeding site by one marked Curlew 
(B R/W) during the 1977/78 winter in relat ion to substrate 
temperature. 
305 
4. Change f r o m t e r r i t o r i a l to n o n - t e r r i t o r i a l behaviour, same site -
This occurred only at the end of the four cases of temporary site defence described 
above. As for Grey P lovers , abandoning of long- te rm t e r r i t o r i e s coincided wi th 
changes in Low Water si te (see below). 
5. Change in Low Water si te and f r o m n o n - t e r r i t o r i a l to t e r r i t o r i a l behaviour -
In each of the f ive cases, the defence was temporary and the new site abandoned 
soon after occupation. Three coincided wi th s trong winds (up to 28 knots), the marked 
b i rds moving f r o m the Greenabella Bank tide edge to open mud. Feeding at the 
t ide edge would have been very d i f f i c u l t in such conditions, due to wave action 
(Evans, 1976). For one b i r d (in August), the task of f inding an al ternative feeding 
si te would have been made more d i f f i c u l t by the high number of Curlews feeding on 
Seal Sands leading to potential competit ion fo r space. The other two b i rds (Y N / W , 
Y W/O) attempted to feed again t empora r i ly in t e r r i t o r i e s they had defended in 
autumn but abandoned in mid -win t e r (see below). They re turned to their t e r r i t o r i e s 
in late February , these changes in use of space coinciding with increasing 
temperatures (F ig . 3. 27b). As the attempts were sho r t - l i ved , presumably the 
prey density in spr ing was too low fo r prof i tab le feeding there. In the previous 
winter (1976/77), one of these b i rds (Y N/W) behaved s i m i l a r l y but then remained 
in i ts re-occupied t e r r i t o r y un t i l emigra t ion . This may indicate that prey density 
in spr ing was higher in 1976/77 than in 1977/78. 
6. Changes in Low Water site and f r o m t e r r i t o r i a l to n o n - t e r r i t o r i a l behaviour -
Three marked b i rds were known to have moved f r o m one site which they had 
defended since the i r a r r i v a l on Seal Sands to another, undefended, site during 
1977/78. One of these also did so in 1976/77. A l l four changes coincided with 
decreasing temperatures (Table 3. 67, F ig . 3. 27b). In each case the new, 
undefended, site was at the tide edge on Greenabella Bank. One of the abandoned 
G O O 
O 
Ringed 
1976-77 
o © o o 
1977-78 
ox o 
x3 
X 
X K K 
X 
A 0 N D F M 
o Present on Eastern Channel feeding site 
o Left Eastern Channel site at -Low Water 
• Absent from Eastern Channel site 
x Present on Greenabella Bank 
@ Moved from Eastern Channel to 
Greenabella Bank during a single 
Low Period 
Figure 3. 27b The changes in Low Water feeding site by one marked 
Curlew (Y N/W) during two winters in re la t ion to 
substrate temperature . 
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t e r r i t o r i e s was on Scalloped Mud-west, Three other marked Curlews also 
abandoned t e r r i t o r i e s there during the 1977/78 winter , but their new sites were 
unknown. Again the changes could be matched with colder weather. These Curlews 
on Scalloped Mud-west abandoned their t e r r i t o r i e s on some days but not on others 
(see ahnvp) Detailed observations on two of them showed that their increasing use 
of alternative Low Water sites matched the seasonal decrease in temperature 
(Fig . 3. 27c). However at low substrate temperatures (par t icular ly below 3°C) 
the t rend was reversed: perhaps when feeding conditions were d i f f i c u l t , they 
returned to patches of high prey density previously identif ied in their t e r r i t o r i e s , 
None of the marked Curlews discussed in this section was evicted f r o m its 
t e r r i t o r y by another Curlew. 
Conclusions - Most seasonal changes in use of space by marked Curlews (10 out of 
16) occurred during periods of temperature change, mainly decreases (8 cases), and/ 
or during increases in Curlew density (6 out of 16). Several types of change occurred wit) 
s imi l a r frequency. Changes in Low Water site (mainly in autumn) by marked 
individuals that never defended feeding sites occurred probably because of d i f f i cu l t i e s , 
either present or fu ture , in meeting food requirements. Temporary defence of a 
s i te , previously used non - t e r r i t o r i a l l y , was most l ike ly when a high density of 
Curlews on a higher t ida l level coincided with low temperature, i . e. when competition 
fo r food and/or space was high and feeding conditions d i f f i c u l t . 
During a winter , long- term t e r r i t o r i e s were both abandoned and established. 
Defended sites were abandoned when temperatures f e l l in late autumn, presumably 
reducing prey availabil i ty and increasing food requirements. In spr ing, re tu rn 
movements were sometimes attempted. On other areas, long- te rm t e r r i t o r i e s were 
established on sites previously used n o n - t e r r i t o r i a l l y . This defence may have been 
a direct response to feeding diff icul t ies caused by either cold weather or increased 
12 
Number of days on which 
bird present on Scalloped 
Mud throughout period 
of exposure as a 
percentage of the total 
observation days 
100*4i 
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0 W/0 Curlew 
Figure 3.2~7o The use of Scalloped Mud by two marked Curlews, during 
the 1977/78 winter , in re la t ion to substrate temperature. 
The columns indicate the proport ion of observation days on 
which they stayed on Scalloped Mud throughout the per iod of 
exposure. Sample sizes (total number of observation days) 
are shown above each column. 
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Cur lew density. Thus, in Cur lews, long- te rm t e r r i t o r i e s may be established either 
in ear ly autumn, in anticipation of fu ture d i f f i cu l t i e s , or later in the winter in 
response to such d i f f i c u l t conditions. 
3. I I . B . 3. e. Changes in the t e r r i t o r i a l behaviour of individual Curlews between years 
Comparisons between years can be made fo r only 3 r inged b i rd s . Two of them 
(L R / L , O W/O) defended t e r r i t o r i e s on the western half of Scalloped Mud in both 
1976/77 and 1977/78. Each b i r d fed in the same site in the two winters and although 
f u l l details of t e r r i t o r i a l boundaries were not determined in the spring of 1977 
(between the dates of r ing ing and emigrat ion) the areas defended seemed s imi l a r to 
those occupied in 1977/78. 
More details are known of the behaviour of the t h i r d individual (Y N/W) which 
was observed on Eastern Channel during most of the winter of 1976/77 and a l l of 
the fo l lowing winter . Again i t used the same site in each win te r , wi th only minor 
changes in the position of the boundaries of the t e r r i t o r y . In both years i t spent the 
m i d winter per iod (during the wors t weather conditions of each winter) feeding 
elsewhere but re turned again in spr ing. However in 1976/77 i t then continued to feed 
in i ts t e r r i t o r y in Eastern Channel unt i l emigrat ion, whereas in the fo l lowing year 
i t soon rever ted to its m i d winter feeding sites where i t did not show any t e r r i t o r i a l 
behaviour. 
Data fo r other individuals are sparse but there is no indication of any marked 
Curlews changing their t e r r i t o r i a l behaviour between years. 
Of the eleven Curlews seen defending feeding t e r r i t o r i e s , only one (O W/O) 
was juveni le . O W / O continued to defend the same area when an adult. 
3. I I . B . 3. f. Summary 
About 10 per cent of the Curlews present on Seal Sands dur ing a winter defended 
t e r r i t o r i e s . T e r r i t o r i e s were held only on certain areas of Seal Sands, generally 
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at m i d t ida l leve l . In autumn, most t e r r i t o r i e s were defended throughout the 
per iod of exposure. Seasonal changes in t e r r i t o r i a l defence occurred in most 
individuals , but there was no s ignif icant overa l l change in the frequency of 
t e r r i t o r i a l i t y between autumn and winter . Both permanent and temporary changes 
in t e r r i t o r i a l behaviour were observed. Most changes in use of space were cor re la ted 
wi th changes in temperature. Identical t e r r i t o r i e s were defended by individual 
Curlews in successive winters . 
3. I I . B . 4. The use of Seal Sands by Curlews in re la t ion to their b i l l lengths 
3. n . B . 4. a. Low Water feeding sites 
The length of the b i l l of an individual Curlew influenced its choice of Low 
Water feeding area. Once b i l l growth in complete ( a f t e r the f i r s t winter) most 
Curlews can be sexed by b i l l length (see Section 3 .1 . C. 1). The dis t r ibut ion on 
Seal Sands in the winter of 1977/78 of adult marked Curlews whose b i l l s were 
measured when f u l l grown is shown in Table 3.67a. These marked Curlews 
were not d is t r ibuted randomly wi th respect to b i l l length while feeding. Scalloped 
Mud and Central Bank held proport ionately more males ( i . e . sho r t e r -b i l l ed b i rds) 
and Greenabella Bank more females ( i . e. long-b i l l ed b i rds ) . Sightings of 
marked Curlews on Eastern Channel and Central Channel were too sparse to 
p e r m i t conclusions to be drawn. The proport ion of males to females amongst 
the marked Curlews on the estuary during 1977/78 did not d i f fe r f r o m that on any 
of Scalloped Mud, Central Bank and Greenabella Bank even at the 10 per cent 
level of s ignif icance. However the ra t io of males to females on Greenabella Bank 
2 
was s igni f icant ly less than that on Scalloped Mud (x = 3 .91 , 1 d. f. , P A 0.05). 
Differences between the sexes are also apparent within areas. On the 
western half of Scalloped Mud, which consists la rgely of l iqu id mud, the propor t ion 
of marked males to females at Low Water (1 . 67 : 1) was s i m i l a r to that f o r the 
r inged population ( 1 . 50 : 1 , P > 30 per cent). In contrast , on the eastern half 
3oq 
Table 3.67n 
The distribution of male and female adult 
marked Curlews on the Low Water feeding 
areas of Seal Sands during the 1977/78 winter 
Number of Number of Number of birds that 
males females could not be sexed 
Total population of marked 
Curlews on the estuary 36(57°/) 24(38X) 3(5£) 
Low Water area: 
Central Bank 9 3 2 
Scalloped Mud 15 4 2 
Greenabella Bank 7 10 2 
Eastern Channel 0 2 0 
Central Channel 2 0 0 
Scalloped Mud - western 5 3 0 
- eastern 10 1 2 
Adult birds whose bills were measured when juvenile, and therefore 
possibly not full-grown, are excluded. 
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which compr ised f i r m e r , be t te r -dra ined mud, use was almost exclusively by males 
(Table 3.67a). The ra t io of males to females on the eastern half , however, did not 
d i f f e r e f r o m that on the western half or f r o m the r inged population as a whole at the 
10 per cent significance level . 
As a consequence of this d is t r ibut ion of males and females , and of the 
observed differences in si te f ide l i t y during a winter between Curlews on d i f ferent 
areas of Seal Sands (Section 3. I I . B . 1. b) , there were differences between the 
sexes in the i r seasonal use of Low Water sites. During 1977/78, marked b i rds 
were f a i t h f u l to Low Water feeding sites on two areas. On Central Bank-south 
(favoured by males) 4 of the 6 f a i t h f u l Curlews were males. In contrast 5 of the 
6 f a i t h f u l to Greenabella Bank (used pa r t i cu l a r l y by females) were females. During 
the win te r , 5 marked Curlews were known to have changed their Low Water site 
to Greenabella Bank (Table 3, 50), - unlike the f a i t h fu l b i r d s , only 2 of these were 
females . 
In autumn, 2 areas of Seal Sands (Scalloped Mud - east and Central Bank -
north) were used mainly by shor t -b i l l ed b i rd s , females being almost absent (on 
Scalloped Mud - east, 1 out of 15 marked b i rds was female in autumn 1977; on 
Centra l Bank - no r th , 0 out of 4 were female in autumn 1977, and 1 out of 6 in August 
1978). Both areas were almost completely abandoned at Low Water in m i d winter 
(see above) the b i rds going either to mudflats at a lower t ida l level or to the f i e lds . 
These data can be combined to produce a general pattern of winter use by 
male and female Curlews of the sections of Seal Sands at Low Water, as fo l lows: 
In autumn, although both sexes fed on a l l areas, females fed pa r t i cu la r ly on 
Greenabella Bank and Eastern Channel, whereas males were found especially on 
the d r ie r areas, i . e. Central Bank - north and Scalloped Mud - east. 
As the temperature decreased towards a mid -win te r m i n i m u m , some bi rds 
on the higher mudflats moved to sites on the lower areas, especially Greenabella Bank. 
311 
The f i r s t changes occur red in October when males moved f r o m Central Channel 
and Centra l Bank - nor th to Greenabella Bank. In November, females moved 
f r o m Eastern Channel to Greenabella Bank. The changes shown by Curlews 
feeding at Low Water on Scalloped Mud continued over several months. Both 
males and females began to leave the i r feeding sites on the western hal f a f t e r 
Low Water f r o m October to January. Movement f r o m the eastern half to the 
f ie lds began by October and continued through to December. (It w i l l be shown in 
the fo l lowing section (3. II.C. ) that most b i rds that moved to the f ields had short 
b i l l s ) . Some Curlews remained on the same Low Water feeding area throughout 
the win ter , notably females on Greenabella Bank and males on the southern 
section of Centra l Bank. 
In spr ing , as the temperature increased, some re tu rn movements to 
feeding areas at higher t ida l levels occurred , e. g. f r o m Greenabella Bank to 
Eastern Channel in late February. However these changes were usually not 
permanent. In A p r i l a few of the f ie ld- feeding Curlews re turned to feed on 
Seal Sands, but the autumn dis t r ibut ion of marked b i rds was not re-establ ished. 
3. I I . B. 4. b . Feeding t e r r i t o r i e s 
In each section of Seal Sands in which t e r r i t o r i a l i t y occurred , the sex 
r a t i o amongst marked Curlews defending feeding sites was s i m i l a r to that in the 
to ta l population of marked b i rds (Table 3.67b). Thus, once Curlews have chosen 
a feeding s i te , there appears to be no difference in the frequency with which males 
and females become t e r r i t o r i a l . (It is not known whether the i n i t i a l choice of si te 
i s influenced by a fore-knowledge of the t e r r i t o r i a l behaviour that w i l l be requ i red 
la te r in the win te r ) . 
Dur ing a w in t e r , there were differences between the sexes in the defence of 
temporary and long- te rm t e r r i t o r i e s . Each of the 5 temporary t e r r i t o r i e s (3 on 
Central Bank - south, 2 on Scalloped Mud) was defended by a male. In contrast the 
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propor t ion of males amongst the Curlews defending long- te rm t e r r i t o r i e s (3 males, 4 
females , 1 unsexed b i rd ) was lower than that in the n o n - t e r r i t o r i a l marked popu-
la t ion . (The difference was not s ignif icant perhaps because of the smal l numbers 
involved. ) 
Within areas, males and females showed s i m i l a r changes (establishment or 
abandoning) in long- t e rm defence, and most changes by both sexes were cor re la ted 
wi th changes in temperature. However, females changed their t e r r i t o r i a l behaviour 
ea r l i e r in the winter than did males. Of four marked b i rds defending sites on the 
western half of Scalloped Mud, the 2 males did not feed away f r o m their t e r r i t o r i e s 
dur ing the per iod of t ida l exposure unt i l December or late January, whereas the 
female and b i r d of intermediate b i l l length changed in November and December 
respect ively. On Central Bank, the 3 males became t e r r i t o r i a l during very 
cold weather in January, or in spr ing when absolute food density was low, but 
the female began defending i ts feeding site ea r l i e r in the winter (December), 
possibly in anticipation of such conditions. 
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3. I I . C . T H E USE OF F I E L D S AS F E E D I N G A R E A S B Y C U R L E W S 
Curlews wintering on the Tees estuary are known to feed on the low-
lying fields surrounding the north side of the estuary at both High and Low 
Water (Pienkowski 197 3, Knights 1979). Knights described birds feeding both 
on the mudflats and the fields, but also suspected that some fed solely on the 
fields. Therefore observations were made of Curlews on the fields to determine 
the importance of field feeding in the energy budget of individual birds through 
a winter. 
3. n . C . 1. Counts of Curlews feeding on the Brinefields 
Curlews were seen feeding on the fields on the north side of the 
estuary during all three winters, 1975-78. Although it was impossible to check 
all the fields for feeding Curlews, counts were made at frequent intervals on 
one easily accessible pasture used by the Curlews: the Brinefields. This site 
was known to be favoured by Curlews (Pienkowski 1973, Knights 1979). 
Invertebrate sampling and counts of Curlews on the main pastures around Seal 
Sands during the 1978/79 winter by Davidson (1980) indicate that the Brinefields 
is probably a typical feeding site for field-feeding Curlews. On most days 
with no disturbance the Brinefields are believed to have held approximately 
10-30 per cent of the Curlews feeding on the fields. However the exact 
relationship between the number on the Brinefields and the total on the fields 
is unknown. 
Curlews fed on the Brinefields at both Low and High Water (Fig. 3. 28). 
Thus the Brinefields may have been used both as an alternative (Low Water) 
and a supplementary (High Water) feeding area to the mudflats of Seal Sands. 
3. II . C . 1. a. Low Water f eeding 
The Brinefields were used at Low Water mainly from December to 
March. The peak count occurred in different months in the three winters: 
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Figure 3. 28 Counts of Curlews feeding on the Brinefields pasture 
at Low and High Water, during three winters. The 
horizontal bar indicates the period of disturbance. 
Counts commenced in January 1977. 
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February in the 1975/76 winter, January in 1976/77 and March in 1977/78. 
In the winter of 1976/77 Curlews stopped using the Brinefields during February 
due to a major disturbance caused by drilling operations. This disturbance 
continued until the end of 1977, so very few Curlews fed on the Brinefields 
until January 1978. Presumably they fed instead on other pastures. 
The Low Water counts of Curlews on Seal Sands have been interpreted 
in terms of the relative profitability of Seal Sands and the fields as Curlew 
feeding areas (Section 2. C), The use of the Brinefields can be interpreted 
similarly. The Brinefields were not used by many Curlews at Low Water until 
January when temperatures were low. Curlews then fed there at Low Water 
until the temperature increased in late February, to March 1978, the Brinefields 
continued to be a re^viioj- Low Water feeding area for Curlews. As more 
Curlews fee? on Seal Sands at Low Water in 1977/78 than in 1976/77 (Section 2. C) 
or in 1975/76 (Evans 1980), the prey density on Seal Sands may have been 
reduced to a low level by March, making the fields, including the Brinefields, 
a more profitable feeding site for at least some Curlews. 
The Brinefields Low Water counts can also be related to short-term 
changes in the weather conditions. In general no Curlews fed on the Brinefields 
when they were covered with snow. Thus they were absent in late January 1976, 
late January and mid February 1978, and late December-early January in the 
winter of 1976/77. However on 11th January 1976/77 a flock of over 70 
Curlews fed on the frozen, snow-covered Brinefields for up to 2 hours around 
true Low Water. These Curlews flew there from Seal Sands and subsequently 
returned to the mudflats on the flood tide. As the temperature was very low 
(midday air temperature 1°C; mud temperature at 5 cm depth 2°C) these birds 
were probably having more difficulty than usual obtaining their food requirements 
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on Seal Sands. Their movement to the Brinefields may therefore have been an 
attempt to increase their rate of food intake. Alternatively they may have been 
checking on the relative profitability of the two areas in case conditions became 
more difficult on Seal Sands. 
3. II. C. 1. b. High Water feeding 
The use of the Brinefields at High Water resembled that at Low Water 
in each year, with peak numbers at High Water and Low Water coinciding in 
February 1976, January 1977 and March 1978. Birds feeding on the Brinefields 
at High Water were presumably doing so to supplement their Low Water food 
intake (either on the fields or the mudflats). Thus peak numbers could indicate 
adverse weather conditions leading to increased energy requirements and/or 
difficulty in obtaining normal requirements due to a decrease in prey density. 
However Curlews occasionally took advantage of a superabundant food supply 
on the fields. Extensive flooding of the Brinefields due to a rapid thaw of 
deep snow occurred on 16th January 1977. This caused large numbers of 
earthworms to come to the surface of the pasture (described also by Edwards 
and Lofty 1977). At High Water 70 Curlews were feeding there even though 
the air temperature was not very low (3°C). Another 80 Curlews were present 
but roosting. Earlier in the day only 73 Curlews (out of a total on the estuary 
of around 400) had been present on Seal Sands at Low Water (Fig. 2.12), so it 
is likely that many Curlews (perhaps up to 200) fed on the Brinefields at Low 
Water also. 
The ratio of males to females in flocks of Curlews feeding on the 
Brinefields was estimated during January - March 1978 (Table 3.68). At both 
High and Low Water every flock contained at least 80 per cent male (i. e. short-
billed) birds. 
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3.II. C. I . e . Summary 
Curlews fed on the fields at both Low and High Water. Numbers were 
highest (at Low Water and High Water) in mid winter and spring, thus coinciding 
with the periods of relative food shortage on Seal Sands due to cold temperatures 
and low prey density respectively. The majority of Curlews feeding on the 
fields at all stages of the tide were males. 
3. II. C. 2. The use of fields by marked Curlews 
Checks were made for marked Curlews mainly on the Brinefields during 
1976/77 and 1977/78, and on the Brinefields and parts of Cowpen Marsh in 
1978/79 (N. C. Davidson, pers. comm.). A total of 28 marked Curlews were seen 
feeding on the fields around Seal Sands during the 3 winters 1976-79. Six 
individuals were seen there only at Low Water, 10 only at High Water and 12 fed 
on the fields at both Low and High Water. Eleven of the latter did so within a 
single winter. All but one of the field-feeding Curlews were also seen feeding on 
Seal Sands at some time. The pattern of use of the fields followed by each 
individual was related to its bill length, shorter-billed birds in general spending 
more time on the fields. The proportion of females on the fields was significantly 
lower than that on the mudflats (fields; 6 females in 44; mudflats: 10 females in 22 
2 
X = 8, 09, 1 d. f. , P < 0. 01). Amongst the field feeders none of those which fed 
there at Low Water had bills greater than 130 mm, and longer-billed birds 
were seen there only at High Water, 
Some individuals fed on the fields in successive years. Four of the 18 
marked birds seen feeding at Low Water did so in two successive winters, as 
did 5 of the 22 birds that fed at High Water. Four other individuals were seen 
feeding on the fields at High Water in all three winters 1976-79. Overall some 
form of field feeding appeared to be a regular behaviour in at least 36 per cent of 
the total of marked individuals seen on the fields in all years. 
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No marked or unmarked Curlews were seen defending feeding sites 
on the fields at any time during the study. 
3. IL C. 2. a. Low Water feeding on fields 
Birds on the fields at Low Water were using the fields as an alternative 
feeding area to Seal Sands. Observations on marked birds give support to 
the hypothesis derived from the Brinefields counts (Fig. 3.28): that feeding on 
the fields is more profitable than feeding on Seal Sands for at least some Curlews 
during the period January-March (Table 3. 69). The observations on marked birds 
also revealed that between 60 per cent and 100 per cent of those individuals seen 
feeding on the fields at Low Water also fed on Seal Sands at some time during 
that winter (Table 3. 70). When on Seal Sands, Scalloped Mud appeared to be the 
major area used by these marked Curlews at all stages of the tide (Table 3. 71). 
In 1977/78 the difference between the distribution on Scalloped Mud versus the 
rest of Seal Sands for Low Water field feeders (6 out of 9 on Scalloped Mud) and 
other marked Curlew (18 out of 52 on Scalloped Mud) was significant only at the 
10 per cent level (exact probability test, P = 8. 50 per cent). At other stages 
of the tide and in other years no significant preferences for Scalloped Mud could 
be detected. 
Patterns of use - Birds using both the mudflats and the fields as Low 
Water feeding areas showed one of two patterns of use (Table 3. 72): 
1. Four individuals (3 in 1977/78, 1 in 1978/79) fed on Seal Sands at 
Low Water more or less throughout the winter, only using the fields at Low Water 
on one or a few days in one month. Even when feeding on the fields, i. e. in 
March 1978 and January 1979, they returned to feed on Seal Sands at Low Water 
a few days later. Immediately before moving onto the fields, all 4 birds had 
been feeding on Scalloped Mud at Low Water, 2 exclusively, and 2 also on 
Central Bank and in one case Greenabella Bank. 
Table 3.69 
The number of marked Curlews seen feeding on the 
fields each month, during 3 winters 
A s 0 N D J F M A 
Low Water 1976/77 0 0 0 0 0 0 0 0 0 
1977/78 0 0 0 0 0 1 0 11 0 
1978/79 0 0 0 1 0 8 6 ? ? 
High Water 1976/77 0 0 0 2 2 2 0 7 0 
1977/78 0 0 0 0 0 6 3 9 0 
1978/79 0 0 0 0 0 8 8 ? ? 
Counts in the 1978/79 winter (supplied by N. C Davidson, L . R . Goodyer and 
F„ L . Symonds) terminated at the end of February. 
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Table 3.70 
The use of Seal Sands by field-feeding 
marked Curlews, during 3 winters 
Low Water 
field feeders 1976- 77 
1977- 78 
1978- 79 
Number seen 
feeding on 
Seal Sands 
0 
11 
7 
Number seen 
only roosting 
on Seal Sands 
0 
0 
1 
Number never 
seen on 
Seal Sands 
0 
0 
3 
High Water 
field feeders 1976- 77 
1977- 78 
1978- 79 
5 
10 
13 
3 
1 
1 
1 
1 
2 
(Data for 1978-79 supplied by N. C. Davidson. L . R . Goodyer and F . L. Symonds) 
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Table 3.71 
The regular feeding areas on Seal Sands used by individual 
Curlews that also fed on the fields at Low Water 
during the same winter 
Section of Seal Sands 
Low Water 
Ebb tide 
Flood tide 
SM CB GB CCh ECh 
1977/78 
1978/79 
6 
1 
1 
0 
1 
0 
0 
0 
1977/78 
1978/79 
7 
3 
2 
0 
1977/78 
1978/79 
6 
1 
Abbreviations for the sections of Seal Sands as on Table 3.19. 
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Table 3.72 
Feeding areas used by marked Curlews which have f e d , 
dur i n g a s i n g l e w i n t e r , on both the mudflats and the 
f i e l d s d u r i n g the period of exposure of Seal Sands 
Birds t h a t fed on Seal Sands 
throughout the w i n t e r : 
1 9 7 7 / 7 8 
L 9 7 8 / 7 9 
B R / W 
Y L / L 
Y 0 / L 
Y G / 0 
N 
? F * 
* F 
F 
2 . Birds t h a t l e f t Seal Sands 
f o r mid w i n t e r : 
1 9 7 7 / 7 8 
1 9 7 8 / 7 9 
L Y / Y * F 
G Y / Y 9 -jf- F 
G 0 / W * * * F 
Y Y / Y # F 
Y G / 0 * * * * F 
L G / L * * F 
L 0 / G * * F 
L G / L F F 
L Y / Y * r F ? 
L R / W * F # 
Y Y / Y F F 
G R / W ? * F * F 
3. Birds which f i t n e i t h e r p a t t e r n : 
1 9 7 7 / 7 8 L W / 0 
R W/W 
F 
Key: * D e f i n i t e s i g h t i n g ( s ) , feeding on Seal Sands du r i n g t h i s month. 
? Possible s i g h t i n g , feeding on Seal Sands d u r i n g t h i s month. 
F D e f i n i t e s i g h t i n g ( s ) , feeding on the f i e l d s d u r i n g the 
period of exposure of Seal Sands, d u r i n g t h i s month. 
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As the 3 marked Curlews in 1977/78 all fed on the fields at Low 
Water in mid March (Table 3.72) they may have been experiencing increasing 
difficulty in capturing worms on Seal Sands because of the low absolute density 
of prey. The use of the fields did not coincide with particularly low temperatures 
(Fig. 3. 29 and Table 3.7 3) which might have reduced further the density of 
available prey, but did correlate with strong winds (Table 3.7 3). Presumably 
the strong winds so hindered the capture and handling of prey on Seal Sands that 
feeding on the fields became relatively more profitable. Feeding on the 
relatively sheltered fields would also have reduced heat loss and therefore energy 
requirements. The Curlew seen feeding on the fields at Low Water once in 
the following winter of 1978/79 did so during the strongest winds of that winter 
(Table 3.73) (N. C. Davidson, pers. comm.). 
2. The alternative pattern, shown by the majority of field-feeding Curlews 
(6 in 1977/78, and 6 in 1978/79), was to feed on Seal Sands at Low Water in 
autumn and then, as the temperature dropped, to move to the fields and feed 
there at Low Water for most of the winter, only returning to Seal Sands in 
bad weather (deep snow, frozen ground) and/or in spring. (Sightings on the 
fields in 1977/78 were infrequent due to the disturbance on the Brinefields.) 
During 1977/78 the Curlews showing this pattern stopped feeding on Seal Sands 
in October or November (Table 3. 72). The timing of movement to the fields 
in the following autumn is uncertain as fewer observations were made on Seal 
Sands in the 1978/79 winter. Six of the marked Curlews that left Seat Sands 
in autumn reappeared during January or February (G O/W, Y G/O, L G / L 
in 1977/78; L O / G , L R / W , G R/W in 1978/79). In each case the reappearance 
coincided with a period of very cold temperatures and heavy snowfall, conditions 
under which feeding on the pastures would be impossible. When temperatures 
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increased in March and April 6 of the 12 Curlews that had moved to the fields 
were seen feeding on Seal Sands again. Only two birds did not conform to either 
of the patterns described (Table 3.72). 
The pattern of use of the fields as a Low Water feeding area was 
apparently related to bill length. Even though all 18 birds seen feeding on 
both Seal Sands and the fields at Low Water had bills less than 131 mm, the 
mean for the 4 individuals using Seal Sands throughout the winter (mean =118. 3 mm, 
S. E.c4. 52) was higher than that of the 12 known to leave Seal Sands for the 
mid-winter period (mean ^ 114.6 mm, S. E.=2.23). Because of the small samples 
this difference is not significant (t = 0. 80, P > 0.10). 
Four individuals were observed feeding on both the fields and on Seal 
Sands at Low Water in two successive winters. Three showed a similar pattern 
of behaviour in both 1977/78 and 1978/79. In contrast the fourth (Y G/O) 
changed its behaviour from deserting Seal Sands in mid winter in 1977/78 to 
remaining on Seal Sands more or less all winter in 1978/79. The reason for 
this change is not known. 
In 1978/79, 4 marked Curlews were seen feeding on the fields at 
Low Water but never on Seal Sands (Table 3.70). Each bird was seen only 
once feeding on the fields adjacent to Seal Sands at Low Water, and in each case 
this occurred during the severe weather of January 1979. As they were not seen 
on these fields at other times during the winter, despite frequent checking, they 
may have fed on fields further inland, only moving to the vicinity of the mudflats 
when the weather was bad. (Small flocks of Curlews have been seen feeding on 
fields up to 4 kilometres inland from Seal Sands during the winter.) 
3. II. C. 2. b. High Water feeding on fields 
Birds feeding on the fields at High Water were gaining feeding time 
additional to that available if feeding was confined to Seal Sands. Marked 
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Curlews used this additional feeding time from November to March (Table 3.69), 
the changes in numbers resembling those in the Brinefields counts (Fig. 3. 28). 
Between 55 per cent and 80 per cent of these marked individuals also fed on 
Seal Sands at some time during the same winter (Table 3.70). Scalloped Mud was 
favoured at Low Water by the High Water field feeders (Table 3. 74). In 
1977/78 the proportion of the High Water feeders that fed on Scalloped Mud 
(6 out of 8) was significantly greater than that predicted from the distribution 
of the other marked Curlews (18 out of 53) (exact probability test, P = 3. 49 per cent). 
The apparent preference for Scalloped Mud at other stages of the tide and in 
other years is not statistically significant and may be a consequence of the 
bias towards Scalloped Mud in the sightings of marked birds. 
Patterns of use - The marked Curlews feeding on Seal Sands at Low 
Water and on the fields at High Water followed one of two patterns of use 
(Table 3.75): 
1. Eight birds (5 in 1976/77, 3 in 1977/78) used High Water field 
feeding to supplement their food intake on Seal Sands. Seven were seen feeding 
on both Seal Sands at Low Water and the fields at High Water on the same day. 
Whilst on Seal Sands 4 fed only on Scalloped Mud, and 3 not only on Scalloped 
Mud but also Greenabella Bank and Central Bank (Table 3.74). 
As supplementary feeding on the fields was shown by several birds 
in March, in both winters (Table 3.69), it may have been necessary for some 
birds when the absolute density of Nereis on Seal Sands had fallen to a low level. 
Alternatively the extra feeding may have been required to lay down fat reserves 
in preparation for migration. Supplementary feeding did not occur only when 
the temperature was low, and therefore energy requirements higher and Nereis 
less accessible, but did coincide with strong winds (Table 3.73). 
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Table 3.74 
The regular feeding areas on Seal Sands 
used by individual Curlews that also fed 
on the fields at High Water during the same winter 
Section of Seal Sands 
SM CB GB CCh ECh 
Low Water 1976/77 
1977/78 
1978/79 
4 
6 
0 
0 1 0 
1 1 0 
1 0 0 
0 
0 
0 
Ebb tide 1976/77 
1977/78 
1978/79 
4 
6 
2 
0 
2 
1 
Flood tide 1976/77 
1977/78 
1978/79 
1 
3 
0 
0 
1 
0 
Abbreviations for the sections of Seal Sands as on Table 3.19. 
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Table 3.7V> 
The r e l a t i o n s h i p between f e e d i n g on Seal Sands 
when exposed and on the f i e l d s a t High Water 
d u r i n g a w i n t e r , f o r i n d i v i d u a l Curlews 
1. B i r d s t h a t f ed on the f i e l d s 
a t High Water i n a d d i t i o n t o 
Seal Sands v;hcn exposed: 
1976/77 B R/W 
L W/R 
0 N/0 
Y 0/L 
Y Y/Y 
r *F 
r *F 
r *F 
r »F 
1977/73 B R/W 
Y L/L 
Y 0/L 
*F 
F 
Birch; that, l e f t Seal Sands 
f o r n i d winter and were then 
seen /'cod i nr. on • i O f i e l d s 
a t Hinh Water: 
1977/78 B W/0 * F 
L Y/Y * F F 
Y Y/Y * * * F 
L G/L * * fl- F *F F 
1978/79 Y Y/Y F 
L Y/Y * F 
G R/0 * F 
Y W/0 * F 
L G/L * F 
L W/R * F *- # 
L R/W * F * 
B R/W it F 
G R/W •7 # F 
G W/O F 
R G/Y » *F 
Bird?: which f t n e i t h e r o a t t e r n : 
1977/78 R W/W ft *F 
L W/0 F 
Y 0/R F *F F 
Y L/L. *F ft 
1 9 7 8 / ? ; ) 0 0/0 
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2. Most Curlews (15 out of 28) seen feeding on the fields at High Water 
appeared to follow the alternative pattern of use (Table 3.75): moving from 
Seal Sands to the fields in late autumn (see above), and then feeding on the 
fields at both Low and High Water during mid winter and spring. Eight marked 
birds (3 in 1977/78, 5 in 1978/79) were seen feeding on the fields at both Low 
and High Water in the same winter (compare Tables 3. 72 and 3. 75). Two were 
seen doing so on a single day. Thus birds that moved to the fields probably fed 
throughout the day, abandoning the tidal cycle of feeding activity used in the 
autumn. 
As observations in 1978/79 were confined mainly to the fields with only 
infrequent checks made on Seal Sands, there is a bias in the data favouring 
the second pattern of use. Some individuals described as having left Seal Sands 
may have fed there, undetected, for most/al l of the winter. 
Shorter-billed birds spent more of the winter feeding on the fields at 
High Water than did long-billed birds. The mean bil l length of the 4 individuals 
that moved to the fields during 1977/78 (x = 110. 0 mm, S. E . = l . 68) was smaller 
than that of the 3 birds that used the fields at High Water only infrequently 
(x = 122. 7 mm, S. E . = l . 33). This large difference is not significant (t = 1. 86, 
P > 0.10) due to the small samples. 
Seven marked birds were seen feeding on the fields at High Water and 
on Seal Sands at Low Water in more than one winter. Three ( L G / ' L , L Y / Y , Y Y / Y ) 
behaved s imilarly in 1977/78 and 1978/79, as they did at Low Water (see above). 
Two apparently changed their behaviour to mid-winter field feeding in 1978/79 
having fed almost solely on Seal Sands during the previous 1 or 2 winters. Two 
birds were not seen frequently enough to make year to year comparisons. 
Nine marked Curlews were seen feeding on the fields at High Water 
but never on Seal Sands in the same winter (Table 3. 70). Three were seen on the 
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fields from November to March and were believed to be purely field feeders, 
from autumn to spring. These birds had very short bills (x = 109. 3 mm, S. E . =3. 53). 
Observations on the other individuals were too sparse to tell if they followed the 
same pattern. 
Four other birds seen on the fields at High Water (L W / O , Y O / R , Y L / L in 
1977/78, O O/O in 1978/79; Table 3.75) also appear to be mainly field feeders, 
as they were only seen feeding on Seal Sands once or twice, usually during bad 
weather conditions. Thus they may also have fed almost exclusively on the 
fields from their arr iva l in autumn until emigration in spring. Their mean bil l 
length was 117. 3 mm. 
3. II . C . 2. c. Summary and Discussion 
Marked Curlews feeding on the low-lying fields around Seal Sands 
follow one of three basic patterns of behaviour during a winter. Some feed on 
Seal Sands at Low Water throughout the winter, only occasionally feeding on the 
fields. Others feed on the fields throughout the winter, and feed on Seal Sands 
only when field feeding is impossible due to deep snow and/or frozen ground. 
Yet others feed on Seal Sands in autumn, and perhaps also in spring, but move 
to the fields for the mid-winter period. These individuals may return to Seal 
Sands during this period if feeding on the fields becomes impossible. During 
mid winter the Seal Sands feeders and the field feeders may form two distinct 
groups, Tn January 1978 a large flock of Cwl«W9 (900-300) was disturbed from 
its High Water roost on saltmarsh beside Greatham Creek. Al l the birds flew 
off,but in two different directions. About 70 flew south-west onto the fields of 
Cowpen Marsh, whereas the rest flew east towards Seal Sands (and the adjacent 
roosts such as the Peninsula Sands). This separation suggests that the two groups 
behave very differently in mid winter. 
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It is believed that individual Curlews use the fields when their 
profitability changes relative to Seal Sands. Those individuals which feed 
on the fields only occasionally do so in spring (when absolute prey density on 
Seal Sands is low) and/or during strong winds (which greatly hinder prey 
capture and handling on the mudflats). The birds that use the fields for much 
of the winter move there from the mudflats as the temperature falls. They 
return only in deep snow/frozen ground when the profitability of the fields falls 
to zero, or in spring when the temperature r i ses again. Fewer return in 
spring than left in autumn presumably because of the much lower prey density 
on Seal Sands in spring. 
The movement of Curlews to the fields as the temperature falls in 
autumn is believed to be due in part to a decrease in the accessibility of Nereis 
on the mudflats in winter (see 3- E-l>. ). However the movement is probably 
also a response to an increase in the availability of earthworms on the fields. 
On inland pastures most earthworms of all species are active and near to the 
surface in November and December (Evans and Guild 1947, Gerard 1967) following 
the autumn rains , so their availability to Curlews increases. During cold weather 
in mid winter, although earthworms on inland pastures burrow deep in the substrate 
and often become quiescent (Gerard 1967), those on the pastures adjacent to 
Seal Sands probably change depth very little. The earthworms were found only in the 
thin surface layer of soil and not in the underlying clay, and always on areas that 
generally remained above the water table (Davidson 1980). As a consequence most would 
have remained within reach of the Curlew's bill (N. C . Davidson, pers . comm.) . 
Therefore, except when the ground was frozen or covered in deep snow, the 
availability of earthworms on the fields remained high throughout the winter. 
However, although the increase in the availability of earthworms may 
encourage Curlews to move from the mudflats to the fields in autumn, it does 
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not explain why short-billed Curlews in general spend more time on the fields 
than longer-billed birds. In Section 4 it will be shown that this difference is 
a consequence of the greater difficulty that short-billed birds have in capturing 
Nereis on the mudflats in mid winter. 
Curlews are known to feed in fields during the winter in many parts 
of Great Britain, and also in Europe (Ens 1979). The sites may be within a 
few kilometres of an estuary, e.g. on Morecambe Bay (Wilson 1973), the 
Humber (Tasker and Milsom 1979), the Wash (Bainbridge and Minton 1978), 
Lindisfarne (pers. obs.) and the Ribble (Smith and Greenhalgh 1977, and 
pers. obs.) , or more than 20 km inland, e.g. Cheshire (Elphick 1979), western 
Ireland (Hibbert-Ware and Ruttledge 1944). In the coastal sites field feeding 
was observed either at High Water (Bainbridge and Minton 1978) or throughout 
the tidal cycle (Wilson 1973, Tasker and Milsom 1979) and movement between 
estuary and fields occurred. Further inland the Curlews generally confined 
their feeding to the fields (Hibbert-Ware and Ruttledge 1944, Elphick 1979). 
A change in feeding area from mudflats to fields has been inferred 
from decreases in autumn in counts on the Wash and Morecambe Bay (Bainbridge 
and Minton 197 8), although such a change is believed not to occur on the Humber 
estuary (Tasker and Milsom 1979). During periods of deep snow, few Curlews 
continued to feed on the fields in Cheshire (Elphick 1979) and on the Humber 
(Tasker and Milsom 1979), as on Teesmouth. The Curlews moved to the mudflats 
to feed. 
A preponderance of males in flocks of Curlews feeding on pastures 
appears to be a widespread phenomenon as it has also been noted in Cheshire 
(Elphick 1979) and on the Wadden Sea (Ens 1979). 
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3. II. D. DISCUSSION 
3. II. D. 1. The advantages of winter territoriality to individual shorebirds 
Although it has been suggested in the past that winter territoriality in 
shorebirds is non-adaptive (Hamilton 1959), it is now generally agreed that 
non-breeding territories , like breeding territories (Brown 1964), are maintained 
only where and when the benefits of defence outweigh the costs incurred (Myers, 
Connors and Pitelka 1979a). 
On Seal Sands, winter territoriality is shown by some Grey Plovers , 
Curlews and by Redshanks (which are known to defend territories under certain 
circumstances elsewhere (e.g. Goss-Custard 1970, 1976) ) also, during the 
brief period spent on Seal Sands, by Golden Plovers (see Section 2. B . 3). It has 
never been observed in the other shorebird species present throughout the winter, 
Knot, Dunlin, Bar-ta i led Godwit. Therefore the balance of the cost/benefit 
equation must vary between the species feeding on the mudflats of Seal Sands. 
In all 4 species which show territorial behaviour on Seal Sands, not al l 
individuals do so, as noted also by Ens (1979) for Curlew and Goss-Custard (1970) 
for Redshank. Grey Plovers and Curlews (and Golden Plovers) defend territories 
only on certain of their feeding areas. Similarly Redshank are territorial on 
only some of the mudflats, e.g. Eastern Channel, and Scalloped Mud and 
Central Bank adjacent to the seawall, but not for example at the tide edge 
(pers. obs.). Furthermore the proportion of the individuals of a species that 
defend feeding sites varies between parts of the mudflats (Tables 3. 35 and 3.62). 
Territories are defended on more sections of Seal Sands as the winter progresses 
(Figs. 3.18 and 3. 27). Also there are seasonal changes within areas in the 
incidence of territoriality amongst Curlews (e. g. Table 3. 65). Thus the balance 
of the costs and benefits of territoriality for Grey Plovers , Curlews and probably 
Redshanks on Seal Sands must vary both in space and time. 
In their review of territoriality in non-breeding shorebirds, Myers et al . 
(1979a) established that defence of a feeding site has been recorded in many 
wintering areas and in many species. In each of 2 detailed studies, one in 
California, U . S . A . and one in Buenos Aires Province, Argentina, they 
illustrate that individuals of a species can be territorial in one habitat whereas 
other (conspecific) individuals in adjacent habitats are not. Thus many species 
include both territorial and non-territorial individuals. Similarly Burger, 
Hahn and Chase (1979) described Grey Plovers in New Jersey, U . S . A . defending 
feeding sites only on open mudflats and not on the adjacent beach, and Goss -
Custard (1970) reported interactions between territorial Redshanks in many places 
on the narrow Ythan estuary, Scotland, but rarely on areas of wide mudflats. 
Thus the variety of spacing behaviours observed on Seal Sands is typical of 
shorebirds in several geographical regions. The Grey Plover is one of the 
most territorial of the shorebirds studied, behaving territorially in all the 
habitats in which it has been observed (Myers et al . 1979a) and, in the present 
study, including the highest proportion of individuals that defend feeding sites. 
There are 2 points about winter territoriality in shorebirds that should 
be stressed: 
a) territoriality is widespread amongst shorebirds - therefore 
it must be adaptive (Myers et al . 1979a). 
b) there is great variation between species and between 
individuals of a species, both within and between habitats 
- therefore the balance of the costs and benefits of territoriality 
must vary. 
In order to determine why territoriality occurs only under certain conditions, 
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the possible costs and benefits associated with the defence of a feeding site 
must be considered. 
Costs - Tn excluding conspecifics from its feeding site a shorebird 
expends time and energy. It was shown earl ier that disputes between territorial 
Grey Plovers can last up to 30 minutes (although this was exceptional). During 
such a dispute the neighbouring conspecific territory holders walked or ran 
back and forth along the boundary line between adjacent territories . This not 
only expends energy but also occupies time that could otherwise be spent feeding 
or watching out for approaching predators. It is not known how much time 
Grey Plovers and Curlews on Seal Sands spend on anti-predator behaviour. 
This behaviour is less important on Teesmouth than in California (Page and 
Whitacre 1975), as diurnal predators are very r a r e . During the study the 
only regularly-observed avian predator was a female Merlin (Falco columbarius), 
and this was seen to capture Dunlin but not larger shorebirds. Nevertheless the 
larger shorebirds st i l l spent time looking out for predators, especially when the 
smaller birds were on alert. 
It is unlikely that,on Teesmouth, marked seasonal changes in the time 
spent in anti-predator behaviour wil l occur during a winter. However the time 
required for feeding will vary. In severe weather a territorial bird could have 
difficulty meeting its energy requirements, which have increased because of the 
conditions, in the time remaining after defence. It may also have difficulty 
finding sufficient time for feeding as well as defence and anti-predator behaviour 
when daylength is short and High Water occurs around midday, since such 
conditions give minimal daylight feeding time. This assumes that day feeding is 
more important than night feeding (as suggested by Evans 1976, Goss-Custard et al . 
1977 ) , but this is now open to doubt, at least for Grey Plovers ( P . J . Dugan, 
pers. comm.) . 
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It has been shown that individuals amongst both the Grey Plover and 
the Curlew populations on Seal Sands change between territorial and non-
territorial behaviour during a winter. This could be the result of seasonal 
changes in the cost of defence. It might be expected that the costs incurred in 
excluding conspecifics from a feeding site throughout a winter would remain 
approximately constant because potential intruders will always be present, 
(unless all birds become territorial: a situation which did not occur in any 
species on Seal Sands during the study). However costs might decrease because 
boundaries become "agreed" with identifiable neighbouring territory holders; 
this would result in fewer long disputes with neighbours. On the other hand 
the number of disputes might increase because of an increase in the frequency 
of intrusions into the territory during influxes of conspecifics into Seal Sands. 
This would lead to an increase in disputes with strange birds. 
Most marked Grey Plovers with territories on Eastern Channel, Seaton 
Channel, Central Bank - north and Scalloped Mud - east defended their feeding 
sites from autumn to spring (Table 3. 39). During this period they would have 
the opportunity to recognise their neighbours and a reduction in the frequency 
or duration of disputes could occur. Similarly territories on Scalloped Mud -
west were defended by the same individual Curlews throughout the winter so 
recognition of neighbours was highly probable. 
Some individual Grey Plovers and Curlews however changed their 
spacing behaviour on Seal Sands during a winter and even during a tidal cycle. 
As there is no clear evidence to show that the cost of territorial defence and 
the r i sk of predation changed markedly, it seems probable that the benefits must 
have varied over the same time periods. 
Benefits - The duration of defence of a given site by both Grey Plovers 
and Curlews varied from less than 30 minutes during a single tidal cycle to 
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over 140 days (Fig. 3. 30). I have too few observations to tell whether Grey 
Plovers and Curlews on Seal Sands show a continuum in duration of defence, 
as seen in Sanderlings in California (Myers et al . 1979a). Nevertheless, for 
the purposes of the discussion of the benefits of territoriality, 2 categories wil l 
be considered: 
a) the temporary defence of a site abandoned within, at most, 
a few days. 
b) the permanent defence of a feeding site for several months. 
The possible advantages of territorial over non-territorial behaviour might be 
gained in the short and/or long term. 
Short-term advantages - By excluding conspecifics, temporarily or 
permanently, a territory holder immediately gains the following advantages; 
i) it prevents conspecifics from removing any of the available 
prey, (i. e. the proportion of the prey animals present that 
can be captured by the predator at any one time); the 
territory holder i s , therefore, the only bird of that species 
"competing" to remove the available prey from the site. 
ii) it reduces the physical disturbance to prey caused by waders 
walking across the mud - the waders wil l produce vibrations in 
the mud to which certain intertidal invertebrates (including Nereis) 
respond by rapidly moving from the surface down into their burrows 
(Vader 1964, Goss-Custard 1970, Ratcliffe 1979). Goss-Custard 
(1970) has demonstrated that a single wader walking across the 
mud reduces the frequency of visits to the surface made by the 
amphipod Corophium. The reduction wil l be greater when birds 
are feeding at high density, leading to a decrease in capture rate 
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Figure 3, 30 The minimum duration of defence of single feeding sites 
on Seal Sands by marked Grey Plovers (1976/77 and 1977/78) 
and marked Curlews (1977/78). 
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(Goss-Custard 1976). By defending a feeding site, the physical 
disturbance caused by conspecifics (but not by other species of 
wader) wil l be reduced to that caused by the territory holder. 
This wil l result in an increase in the percentage of the worms 
present that are available to the territory holder. The increase 
would be most pronounced in waders capturing prey only at the 
surface of the mud, e.g. Grey Plovers feeding on Nereis , 
Redshank feeding on Corophium . 
iii) it eliminates interference and overlap of search paths with 
conspecifics - the territory holder no longer has to make 
adjustments to its search path to avoid nearby conspecifics. 
These advantages would be reduced or even nullified if individuals of other 
species feed within the defended area and consume the same prey as the 
territory holder (see below). 
Long-term advantages - By defending the same feeding site successfully 
for several months a bird can gain further, long-term advantages, not available 
to the short-term territory holder. 
i) If feeding conspecifics are excluded, the rate of decrease of 
absolute prey density on that site during a winter can be reduced, 
thereby preserving food stocks. (This assumes that Nereis worms 
(other than spat) are not mobile during a winter.) 
ii) The territory holder is able to acquire a knowledge of the micro-
distribution of the prey within the feeding site. If there are 
patches of high density of prey animals, a predator can exploit 
them to the full only if no other predator (of the same or other 
species (see below) ) is also feeding on the patches. 
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iii) By employing this knowledge, a terri torial individual may be able 
to avoid visiting sites that it has recently depleted of prey, until 
the resource is renewed, e. g. by more prey animals becoming 
available to the predator. If several predators were removing 
prey from the same sites, none of them could accurately predict 
the availability in each and therefore could not avoid visiting some 
sites from which the available prey had just been removed. This 
advantage of territoriality is particularly important when only a 
small proportion of the food present is available to the predator 
at any one time, e.g. Suribirds (Nectarinia) feeding on nectar, which 
is produced continually but at a very low rate (Gill and Wolf 1975), 
and Grey Plovers feeding on the few Nereis present at the surface 
of the mud at any moment. At least some of the territorial marked 
Grey Plovers on Seal Sands avoid feeding on recently-depleted patches 
by following "circuits" around their territories, returning to each 
spot after 10 - 30 minutes by which time more Nereis should have 
moved up to the mud surface. Pied Wagtails use river-edge 
territories in a s imilar way (Davies 1976). Such circuits were not 
detected amongst the territorial Curlews, possibly because the 
density of their available prey, Nereis , buried in the mud but within 
reach of their bi l l , is little depleted when a worm is removed by 
a predator. 
The three advantages set out above are maximised if the territory holder 
is the only predator feeding in that site on the chosen prey. However in general 
neither Grey Plovers nor Curlews excluded any waders other than conspecifics 
from their territories . Terr i tor ia l Grey Plovers often allowed Curlews, Bar-ta i led 
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Godwits, Black-tai led Godwits (Limosa limosa), Redshanks, Dunlins, Knots 
and Ringed Plovers to feed in their sites. Indeed interspecific exclusion was 
never observed in territorial Curlews and only sporadically amongst territorial 
Grey Plovers. Grey Plovers were occasionally seen to evict both Golden Plovers 
and Ringed Plovers, i . e. species which also captured Nereis worms present at 
the surface of the mud. This general absence of interspecific exclusion contrasts 
with the behaviour of territorial Pied Wagtails which evicted intruding passerines 
from their feeding sites (Davies 1976). Perhaps these passerines were in more 
direct competition for the available food than were most waders on Seal Sands. 
As waders of other species were usually ignored by the territory holder 
when feeding in a Grey Plover or Curlew territory, they could feed there without 
interruption. If eating Nereis (as did Curlews, Grey Plovers, Godwits, Redshanks, 
Golden Plovers and Ringed Plovers) the intruders would reduce both the short-term 
and the long-term advantages of territoriality to the holder outlined above. Even 
waders feeding on other prey could reduce the availability of Nereis by disturbance, 
and interfere with the search paths of the territory holder. For example one 
territorial marked Grey Plover on Scalloped Mud ran from a favoured spot to 
another part of its territory when a dense flock of Knot, feeding on Hydrobia, 
moved into its territory. It fed in the less preferred spot until the Knot flock 
had moved away. 
Nevertheless, despite the disadvantages of excluding only conspecifics, 
both Grey Plovers and Curlews defended feeding sites successfully. Indeed some 
individuals of both species returned to the same territory in 2 or more successive 
winters. Therefore these disadvantages must be so reduced that territoriality 
remains an economically viable strategy. There are 2 ways in which interspecific 
intrusion is reduced: 
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1. Grey Plovers took up territories on those intertidal areas little used by other 
waders (with the exception of Bar-tai led Godwits on Eastern Channel in 1976/77) for 
most of the period of exposure. They did not attempt to defend sites on the 
mudflats most used by other waders, e.g. Greenabella Bank. Curlews also 
tended to defend territories only on areas away from the mudflats favoured by 
most waders at Low Water. 
2. On some areas, particularly Eastern Channel, territories were held not 
only by all the Grey Plovers present but also by all the Curlews, and possibly the 
Redshanks too (though these were not individually marked). On the northern 
section of Eastern Channel the Grey Plover territories abutted so that no 
intruding Grey Plover could feed there. The Curlews were dispersed s imi lar ly , 
thus excluding non-territorial Curlews. Because of this exclusion of conspecifics 
by at least 2 species, the whole area held a very low density of birds for much 
of the period of exposure. Consequently prey availability was little depressed by 
the removal of available animals and disturbance, search paths were not interfered 
with and food stocks presumably lasted longer. 
• Thus Curlews and, in particular, Grey Plovers reduce the effects of other 
species upon prey availability and searching efficiency by defending sites in areas 
with a very low density of feeding birds. 
One further long-term advantage to territory holders, not directly connected 
with food, is the knowledge of safe refuges from predators and from severe weather, 
particularly strong winds which increase heat loss (Evans 1976) and hinder the 
capture of food (Dugan et al. 1981). 
Some individual Grey Plovers and Curlews return to the same territories in 
successive years . If the physical habitat remains unaltered and prey density and 
distribution are roughly s imilar each winter, these individuals could reap further 
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benefits from territoriality. They will know the parts of their territory which 
are likely to have a high density and/or availability of prey, which are sheltered 
from the wind, and which are safe refuges from predators. If neighbouring 
territory holders also return, the time spent determining boundaries could be 
much reduced. Thus more time will be available for feeding. 
Having discussed the possible advantages of territoriality to waders on 
Seal Sands it must be stressed that not all individuals in either the Grey Plover 
or the Curlew population defended feeding sites. From the basic premise that 
territories are defended only when the benefits outweigh the costs, the following 
argument is proposed as a basis for the discussion below of Grey Plover 
and Curlew spacing behaviour and movements: 
It is assumed that both Grey Plovers and Curlews on any area feed 
non-territorially if possible. Territories are defended only if the required 
capture rate cannot be maintained on that site without such defence. (The 
reason for a low or falling capture rate is irrelevant to the argument.) If the 
capture rate falls further the site is abandoned, either during each period of 
exposure (when the capture rate falls below the minimum required) or completely. 
Thus there are 3 stages involved: 
a) feed non-territorially in a site 
b) feed and defend a territory in that site 
c) abandon the site.. 
If the fall in capture rate is rapid, a bird may miss out the second stage and 
abandon the site immediately. 
3. I I . D . 2. Strategies in use of space during a tidal cycle in relation to 
prey behaviour 
F r o m the variety of strategies in use of space shown by Grey Plovers and 
by Curlews during a tidal cycle on Seal Sands, 4 basic patterns can be identified. 
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These differ in: 
a) whether one, or more than one, feeding site is used 
b) whether or not a terr i tory is defended on one of the 
sites used. 
Thus, the 4 basic patterns of use of space on Seal Sands are: 
1. feed in one site throughout the period of exposure of 
Seal Sands, 
2. feed in one site and defend a te r r i tory there, 
3. follow a feeding circuit , feeding on several sites on 
Seal Sands at different times during the period of exposure, 
without defending any of these feeding sites, 
4. follow a feeding circuit and defend a feeding site on 
just one (exceptionally two) of the mudflats visited. 
Each individual in the Grey Plover population and in the Curlew population 
feeding on Seal Sands followed one of these 4 patterns during each tidal cycle. 
Individual birds changed their patterns of use of the habitat during a winter, but i f 
they fed only on Seal Sands they always used one of these 4 options. There is a 
major difference between the 2 species in the proportions of the population following 
these patterns (Tables 3.76 and 3.77). The proportion of Grey Plovers defending 
feeding sites (38 - 40 per cent, and believed to be an underestimate (see 
Section 3. n. A. 3. c. above) ) is significantly greater than the proportion of Curlews 
2 
(6 - 11 per cent) both in November ( x = 33. 37, 1 d.f. , P <<0.001) and February 
2 
( X = 79. 59, 1 d. f. , P << 0. 001). Other differences (e. g. the number following 
feeding circuits with a terr i tory) are simply a consequence of the difference in 
the occurrence of te r r i tor ia l i ty . Similar proportions of the 2 populations follow 
feeding circuits (Grey Plovers 79 - 89 per cent, Curlews 75 - 79 per cent), 
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because the main Low Water feeding areas of both species are some distance f rom 
the f i r s t mudflats to be exposed. 
Having identified the basic patterns in use of space shown by the 2 species, 
the question arises; "Why do different individual Grey Plovers (and different 
individual Curlews) follow different patterns in use of space?" 
It has been shown above that the site(s) on which a Grey Plover or Curlew 
feeds influences its spacing behaviour (Sections 3. I I . A. 3. and 3. I I . B. 3) and 
movements (Sections 3. I I . A. 2. and 3. I I . B. 2). This variation in behaviour on 
different mudflats can be related to 2 physical characteristics in which the 
areas differed; 
a) tidal level 
b) substrate type. 
Additionally, variations in prey density may have influenced the behaviours 
shown. The tidal levels and substrate types of the mudflats of Seal Sands are 
given in Table 3. 78. The distribution of substrate types between the 3 tidal 
levels is not random, there being mainly sandy substrates at high tidal levels 
and very soft muds at the lowest tidal levels. 
Grey Plover behaviour in relation to tidal level and substrate type 
1. Grey Plovers fed at Low Water on high and mid tidal levels and avoided 
the low tidal levels (Table 3.79, 1). 
2. They did not feed on either coarse sand or liquid mud (with a few 
exceptions), using only intermediate substrates (Table 3.79, 1). 
3. Grey Plovers abandoned sandy sites at high tidal level during the 
period of exposure (Table 3. 79, 1), moving to sites at lower tidal 
levels. 
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Table 3.79 
The use o f space by Grey P l o v e r s on S e a l Sands i n r e l a t i o n 
t o t h e t i d a l l e v e l and s u b s t r a t e type of each mudflat 
) Low Water f e e d i n g areas 
LOW 
SAND 
FIRM 
SANDY 
MUD 
SUBSTRATE 
MUD 
SOFT 
MUD 
HIGH P CBs SMe 
: SMe 
W 
L
E
V
 
MID ECh ECh 
SCh CBs 
< P CBn CBc 
H 
SMe 
( SMw 
1 CBc/ECh 
GBr 
CBs 
LIQUID 
MUD 
SMw 
CBse/ECh 
GBt 
CCh 
Areas i n w h i c h t e r r i t o r i e s defended 
H 
> 
i - l < 
Q 
HIGH 
MID 
SUBSTRATE 
FIRM 
SANDY SOFT LIQUID 
SAND MUD MUD MUD MUD 
P CBs SMe 
SMe 
ECh ECh j SMw SMw ' 
1 
SCh CBs CBc/ECh CBse/ECh 
CBn ' CBc 
1 
GBr 
| SMe CBs 
GBt 
CCh 
Key: | | Main areas used f o r the whole p e r i o d of exposure, 
i | Other a r e a s used f o r the whole p e r i o d of exposure. 
Other areas used f o r only p a r t of the pe r i o d of exposure. 
The a b b r e v i a t i o n s r e f e r to the ar e a s l i s t e d on Table 3.78. 
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4, Terri tories were defended regularly at mid tidal levels on f i r m sandy 
mud and mud (but in general not on soft mud) (Table 3. 79, 2). 
Occasionally they were defended on similar substrates at high 
tidal level. A common feature of sites on which terri tories were 
defended by Grey Plovers was that they were exposed for at least 
5 hours each tidal cycle (Table 3. 36). 
5. Terri tories at mid tidal levels were defended throughout their 
period of exposure (Table 3. 79, 2). Those at high tidal levels were 
defended for a short period only, after which the individual left the 
site. 
Thus i t is clear that substrate type and tidal level have a marked 
influence upon Grey Plover spacing behaviour and movements. 
Curlew behaviour in relation to tidal level and substrate type 
It w i l l be shown here that the physical features of the mudflats of 
Seal Sands, which are, of course, the same for Curlews as for Grey Plovers, 
elicited somewhat different patterns of behaviour f rom Curlews. 
1. Curlews fed at Low Water on all tidal levels (Table 3. 80) although 
high tidal levels were used by only a few birds and only at certain 
times of year. 
2. They fed mainly on the softer muds, including liquid mud, and at the 
tide edge. 
3. Curlews abandoned sites at a high tidal level during the period of 
exposure (Table 3. 80) moving to sites at lower tidal levels, 
4. Terri tories were defended regularly on all the substrate types occurring 
at mid tidal level except f i r m sandy mud. Terri tories at a high tidal 
level were rare and temporary. A l l sites on which Curlews defended 
terr i tories were exposed for at least 5 */2 hours (Table 3. 63). 
3 5 4 
Table 3.80 
The use o f space by Curlews on S e a l Sands i n r e l a t i o n 
t o the t i d a l l e v e l and s u b s t r a t e type of each mudflat 
Low Water f e e d i n g areas 
SUBSTRATE 
FIRM 
SAND 
> 
W 
S 
HIGH 
MID 
LOW 
SANDY 
MUD MUD 
SOFT 
MUD 
LIQUID 
MUD 
; CBs SMe : 
SMe 
ECh ECh SMw SMw 
SCh CBs CBc/ECh CBse/ECh 
1 CBn j 
1 ' 
CBc CBs 
SMe GBr 
2. Areas i n which t e r r i t o r i e s defended 
SUBSTRATE 
FIRM 
W 
> 
W 
< Q 
H 
HIGH 
MID 
LUW 
SANDY SOFT LIQUID 
SAND MUD MUD MUD MUD 
P 1 CBS SM:e : 
SMe 
ECh ECh SMw SMw 
SCh CBs | CBc/ECh CBse/ECh 
CBn CBc CBs J 
SMe GBr 
GBt 
CCh 
Key: j j Main a r e a s used f o r the whole p e r i o d of exposure. 
! Other a r e a s used f o r the whole p e r i o d of exposure. 
Other a r e a s used f o r only p a r t of the pe r i o d of exposure, 
['he a b b r e v i a t i o n s r e f e r to the ar e a s l i s t e d on Table 3.78. 
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5. The terr i tories at mid tidal level were defended throughout their 
period of exposure, at least in autumn. 
Thus the behaviour of both Grey Plovers and Curlews differs between areas of 
Seal Sands with different physical features. (In Section 3. I I . D.5. further comparison 
of the use of space by Grey Plovers and Curlews on Seal Sands, particularly 
under changing environmental conditions, w i l l be made.) 
The question then arises: "How can the tidal level and substrate type of the 
mudflats determine the spacing behaviour and movements of Grey Plovers and 
Curlews?" 
The relationship between tidal level, substrate type and spacing behaviour 
It is believed that tidal level and substrate type influence Grey Plover 
and Curlew behaviour by determining the level of the water table in the mud. 
Period of exposure - After exposure by the ebbing tide, the mud dries out 
as the water drains away and the water table fal ls . In each tidal cycle, therefore, 
the water table in all areas at the same tidal level, i . e. areas uncovered at the 
same time, w i l l f a l l for the same time period (from exposure to just before 
covering). Areas at a higher tidal level w i l l be exposed for longer and therefore 
have longer to dry out; those at lower levels w i l l have l i t t le time for the water 
to drain away (Fig. 3. 31). 
Curlews, by feeding particularly on the mudflats at low tidal level 
(including the tide edge where the water table is at the surface), used areas that 
had l i t t le time to dry out. In contrast Grey Plovers avoided the mudflats at low 
tidal level. They fed on high and mid tidal areas, where the water table f e l l 
below the surface during the period of exposure. Both species tended to abandon 
sandy areas at high tidal level (Central Bank - South, part of Scalloped Mud - east) 
which had a long period to dry out. Both species defended terr i tories only on 
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high 
Tidal 
level 
m i 
low 
0 2 4 6 8 10 
Time after mud exposed (hours) 
Figure 3. 31 The approximate periods of exposure of mudflats at 
three tidal levels. 
liquid mud 
Water A 
soft mud content 
of mua 
mud 
firm sandy mud 
t 0 
time of submergence 
Time after mud exposed 
Figure 3. 32 The rates of drying of four sediment types at the same 
tidal level. 
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mudflats at high and mid tidal levels, i . e. on areas where the water table f e l l 
well below the surface. Territories at a high tidal level, which had a long 
time to dry out, were abandoned during the period of exposure. 
Thus the period of exposure of the mud influences the choice of 
feeding area of Grey Plovers and Curlews, but produces different responses in the 
2 species. This single physical factor explains only some and not all of the 
variation observed in Grey Plover and Curlew use of habitat. It does not 
explain the variation in spacing behaviour seen on areas within one tidal level. 
This can instead be correlated with the substrate type anc its effect upon the 
drainage of the mud. 
Rate of f a l l of the water table - The type of sediment determines the 
rate of drainage of the mud. At any one tidal level the water table in a sandy 
substrate falls at a faster rate than on muddier ( i . e. more silty) ones (Fig. 3. 32). 
Grey Plovers at mid tidal level (the only tidal level in which there is a wide 
range of substrates) fed non-territorially on soft mud (except for the juveniles in 
autumn) but defended feeding sites on f i rmer sandier substrates in which the water 
table falls more rapidly. Curlews defended feeding sites mainly on mud and soft 
mud, and not on sandier or sil t ier substrates, with the exception of the liquid 
mud of Scalloped Mud - west. Thus at mid tidal level Curlews defended terri tories 
on wetter substrates than Grey Plovers, but neither species defended sites on the 
wettest areas. 
At high tidal levels te r r i tor ia l defence amongst Grey Plovers was more 
frequent on the sandy substrates than on the mud. The sandy sites were also 
abandoned earlier during the period of exposure. 
Thus the drying out of the mud (both the period of drying and the rate 
of drainage) is OA important determinant of the behaviour of Grey Plovers and 
Curlews feeding on the different mudflats of Seal Sands. 
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Prey behaviour 
Why should the drying of the mud influence Grey Plover and Curlew use 
of space so markedly? I believe that it influences the availability of the main 
prey species, Nereis diversicolor, and in the following paragraphs I shall discuss 
hew such a relationship could explain the observed behaviours during a tidal cycle. 
Although they feed on the same main prey, Grey Plovers and Curlews use contrast-
ingly different methods of capture, and w i l l , ini t ial ly, be discussed separately. 
Grey Plovers 
Grey Plovers catch only prey coming to the surface of the mud (Pienkowski, 
1980a), and are, therefore, influenced mainly by changes in prey activity. Direct 
observations of Nereis on the main Grey Plover feeding areas of Seal Sands during 
daylight did not provide any information on its behaviour because of the very low 
level of activity, visible to a human observer, at the surface. There is , therefore, 
no direct evidence as to whether its activity changes as the mud dries out. However 
i t has been shown for another intertidal polychaete, Arenicola marina, at Lindisfarn 
Northumberland, that the frequency of visits to the surface (in order to defaecate) 
decreases as the mud dries out after exposure (Smith, 1975). This decrease was 
observed at all tidal levels, but was most marked on drier sites in the later part of 
the period of exposure. Bar-tailed Godwits and Grey Plovers can capture the deep 
burrowing Arenicola only when i t comes to the surface to defaecate (Evans, 1979). 
The decrease in the frequency of visits to the surface leads to decreased prey 
availability at the surface as the mud dries out. Therefore, i f the waders maintain 
a constant searching effort on the same feeding site, they wi l l experience a 
decreased rate of capture of Arenicola with time after exposure. As the use of 
space by Grey Plovers during a tidal cycle on Seal Sands is correlated with the 
drying of the mud on each area, i t seems probable that Nereis diversicolor behaves 
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similar ly to Arenicola, coming to the surface (to defaecate or feed) less frequently 
as the mud dries. (The rate of appearance at the surface can be termed the density 
of prey available per unit t ime.) 
Curlews 
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for worms. They appear to locate areas of high Nereis density by sight, but 
within an area nereids are detected by touching the surface of the mud. They 
are then extracted by probing into the mud. Therefore, a Curlew can capture any 
worms in the mud down to the maximum depth it can reach with its probing b i l l . The 
density of worms within reach of a Curlew's b i l l is termed the density of accessible 
worms. It has been shown in both laboratory and field studies in the Netherlands 
that, for most of the Low Water period, Nereis diversicolor worms stay in their 
burrows at/below the level of the water table in the mud (Vader, 1964) (Fig. 3. 33). 
As the behaviour of Curlews during a tidal cycle on Seal Sands is, like that of 
Grey Plovers, correlated with the drying of the mud, i t seems very probable that 
nereids on Seal Sands respond to changes in water level in a similar way to those 
in the Netherlands. 
From these hypotheses for the changes in activity and depth distribution 
of Nereis during a tidal cycle on Seal Sands, I shall now relate the use of space 
shown by Grey Plovers and Curlews to their foraging behaviour. Let us assume that 
both Grey Plovers and Curlews attempt to meet their energy requirements during 
a tidal cycle by capturing worms at a constant rate throughout the period of feeding 
and do not change the size they select. (Data to be presented in Section 4 show 
this to be a reasonable assumption.) So, for a Grey Plover to meet its requirements, 
there must be sufficient Nereis coming to the surface per unit time for i t to maintain 
its required capture rate - i . e. the density of prey available per unit time > the 
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threshold density of worms available per unit t ime. For Curlews, the density of 
accessible worms must s imi lar ly remain above the threshold density. 
If Nereis behaves as proposed, as the mud dries out during the period of 
exposure, each feeding Curlew and Grey Plover w i l l face a reduction in the density 
of prey accessible or available per minute. The rate of decrease w i l l be fastest on 
sandy well-drained sites and slowest on liquid mud (Fig. 3. 34). Thus Grey Plovers 
and Curlews abandoned sandy sites at high tidal level (Table 3. 79 and 3. 80) 
presumably because the density of available prey (Fig. 3. 35, line C) f e l l below the 
threshold density (Fig. 3. 35, line B). On lower and/or wetter areas, both species 
remained throughout the period of exposure presumably because the density of 
available prey remained above the threshold (Fig. 3. 35, line A) . On areas of 
drier mud at mid tidal level, this was generally possible only i f a feeding site was 
defended. Site defence would immediately reduce the f a l l in prey activity during the 
period of exposure (Fig. 3. 36). The te r r i tory holder would be the only member 
of that species a) removing available prey (for Grey Plovers, worms at the surface; 
for Curlews, worms within reach of the probing b i l l ) , and b) disturbing worms at/ne 
the surface (see Section 3. I I . D. 1). (The importance of disturbance of prey to 
Curlews depends upon the cues used to detect Nereis. Curlews may use v isua l / 
tactile cues of activity (e.g. vibrations, water currents) and/or tactile detection 
of the worm in its burrow. If the activity of the worm is important, exclusion of 
conspecifics wi l l reduce disturbance and thereby increase detectability,) 
Fig. 3. 37(b) illustrates how defence of a feeding site can enable Grey Plovers 
and Curlews on soft mud and mud at high tidal levels (intersects A and B) , and on 
mud and f i r m mud at mid tidal levels (C and D), to remain in those sites through the 
period of exposure. This would not be possible without te r r i to r ia l i ty (Fig. 3. 37(a) ). 
In contrast, birds on sandy areas at a high tidal level have to leave these areas 
during the period of exposure, even i f the site is defended (Fig. 3. 37(a) and (b), 
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The assumption that Nereis activity falls and depth increases during the 
period of exposure, enables predictions to be made of Grey Plover and Curlew use 
of space on different substrate - tidal level combinations (Tables 3. 81 and 3. 82). 
Although there are a few exceptions (see below), there is general agreement 
between predicted and observed behaviour. This supports the thesis that Nereis 
responds directly to the rate of drying of the substrate, and thereby directly 
determines Grey Plover and Curlew behaviour during a tidal cycle. 
Exceptions: A. Grey Plovers 
1. Avoidance of areas of liquid mud - Grey Plovers generally avoided areas of 
liquid mud even though the density of available prey should remain high there through-
out the period of exposure (Fig. 3. 34). There must, therefore, be some disadvantage(s) 
to Grey Plovers that outweighs the advantage of the high density of available prey. 
Possible disadvantages? 
a) Interspecific effects - other waders of several species (e. g. Curlew -
see Section 2. C) feed in large numbers at/near the tide edge on the areas 
of liquid mud, particularly those at low tidal level. 
It has been shown above that the density of worms available per minute at the 
surface of the mud is reduced when several waders feed close together. 
A high density of birds also leads to interference in search paths, particularly 
of species searching visually. 
When the waders are of other species a Grey Plover cannot reduce these effects 
by defending a feeding site, as Grey Plovers exclude other species f rom their 
terri tories only very rarely (Section 3. I I . D. 1). Therefore Grey Plovers may 
avoid feeding on areas of liquid mud because they are unable to maintain an 
adequate capture rate and cannot increase the rate by a change in use of space. 
In support of this idea, it is relevant to note that, occasionally at Low Waters 
of extreme spring tides a very few Grey Plovers did feed on the liquid mud 
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of the low tidal levels of Greenabella Bank (Section 2. B. 2. a). On these tides 
most waders moved down to the lowest exposed mud (an area that was rarely 
accessible and presumably had a high density of worms) leaving an area of 
sparsely populated liquid mud that the Grey Plovers could use. 
Prey capture - i t may be more difficult for Grey Plovers to capture worms 
on a liquid substrate. 
i) the Grey Plovers may have difficulty in detecting accessible worms. The 
cue to an accessible worm may be an outflow of water f rom the burrow, 
as is believed to be the case for plovers feeding on Notomastus latericeus 
(Pienkowski, 1980a). Such a cue may be impossible to detect when it 
appears in an area of liquid mud. 
Reflections in the watery surface of liquid mud may interfere with 
detection by the Grey Plovers of cues or movements of the worms. 
Grey Plovers nearly always seem to feed on drier ridges within an 
area (e. g. Eastern Channel) and along creek sides (e. g. Scalloped Mud) 
rather than in adjacent wetter areas. 
There may also be an element of confusion caused by the high percentage 
of prey available on the surface of the liquid mud (where availability is 
always high (Fig. 3. 34) ), but this seems less likely. 
i i ) on liquid mud i t may be difficult for a Grey Plover to accelerate when 
moving to capture a visible worm. Compared with f i rmer substrates, 
liquid mud wi l l offer very l i t t le resistance to downward pressure by the 
Grey Plover's feet. Acceleration is a vital part of the Grey Plover 
capture technique (see above). 
i i i ) on liquid mud i t may be difficult to grasp the worm at the entrance to 
its burrow due to the lack of a f i r m substrate to press against. 
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2. Delayed movement between feeding areas - Grey Plovers following feeding 
circuits should move to the lower feeding areas as soon as they are exposed 
(Section 3. I I . A. 2). The few Grey Plovers that moved from high to low feeding 
areas well after the latter became exposed (Section 3. I I . A. l . b . ) were, therefore, 
apparently not optimising their use of the av5iil3ble feeding BreB.s. There ?.re ? 
possible interpretations (not mutually exclusive) of this behaviour: 
(a) the Grey Plover moved from the higher area only if and when its capture 
rate fe l l to/below the minimum required to meet its energy requirements. 
Thus, in contrast to the majority of Grey Plovers following feeding circuits, 
i t moved in response to, rather than in anticipation of, the density of 
available worms falling below the threshold. It appears that some Grey 
Plovers defend terri tories on sites that cannot always provide an adequate 
capture rate. One marked bird fed in its terr i tory on the eastern half of 
Scalloped Mud throughout the period of exposure only on certain days, moving 
to lower mudflats after a few hours on other days. 
(b) a Grey Plover showing these delayed movements may be employing an 
alternative pattern of use to the majority of Grey Plovers. One of the 
possible advantages to Grey Plovers moving to lower mudflats was to feed in 
areas of lower Grey Plover density (Section 3. I I . A. 2. a). Waders of other 
species also feed in the main on the lower areas. Consequently, once this 
movement has occurred, relatively unpopulated areas w i l l be found at high 
tidal levels. A few Grey Plovers can continue to feed in these higher areas 
for several hours, even though prey availability is not high, instead of 
competing for space on the exposing lower mudflats. 
B. Curlews 
1. The occurrence of terr i tor ia l i ty across Seal Sands - on two areas, the 
liquid mud of Scalloped Mud - west and the sandy mud at high tidal level on 
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Central Bank - south, terri tories were defended throughout the period of exposure. 
These areas appeared, respectively, too slow- and too fast-draining for such 
behaviour. These exceptions appear to be consequences of the spatial distribution 
of sediments on Seal Sands. It is believed that the distance across the area of 
mud/soft mud is, in both cases, less than the m i n i m u m diameter for a Cur lew-
terr i tory . Areas of adjacent sediment (liquid mud and sandy mud, respectively) 
were therefore defended to provide an adequate area in which to feed. 
The high incidence of non-terri toriali ty on Central Bank - south was also 
unexpected, as some of the sediments there are high and fast-draining. Most 
Curlews on Central Bank - south may avoid the need for a terr i tory by feeding 
over a large area including a range of sediments, as are found in this part of 
Seal Sands (Fig. 1. 3). 
3. I I . D. 3. Use of space during a winter in relation to prey behaviour 
It has been argued above that the variety of patterns of use of space shown 
by Grey Plovers and Curlews during a tidal cycle are probably direct responses 
to changes in the availability of Nereis diversicolor. In this section I shall show 
how many of the changes in use of space occurring during a winter can similarly 
be explained in terms of direct responses by the birds to changes in prey 
availability, but on a seasonal basis. 
It was shown in Sections 3. I I . A. 3. d. and 3. I I . B. 3. d. that the factors most 
frequently correlated with the observed seasonal changes in use of space by both 
Grey Plovers and Curlews were changes in weather and in the density of conspecifics 
feeding nearby. In particular, they abandoned Low Water feeding sites (Curlews also 
long-term territories) when the temperature f e l l , and temporarily defended their 
feeding sites when the density of conspecifics feeding nearby increased. The 
depressive effects of a high density of conspecifics upon the density of available prey 
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were discussed in Section 3. I I . A. 3. d. Here, I shall consider the question: How could 
low temperatures promote changes in use of space? 
Cold temperatures lead to increased energy requirements for the birds. 
They may also decrease prey availability. Although there are no direct observations 
of the activity and depth distribution of Nereis during a winter on Seal Sands, data f rom 
other sites and other species of polychaete indicate that Nereis availability probably 
decreased during the cold weather of mid winter. Decreases in activity with falling 
substrate temperature have been identified in two intertidal polychaetes occurring in 
north-east England, Arenicola marina (Smith, 1975) and Notomastus latericeus 
(Pienkowski, 1980a). Correlated with the decreased activity in Notomastus was a 
decrease in the rate of capture of Notomastus by Grey Plovers. Pienkowski (1980b) 
suggests that such behaviour at low substrate temperatures is probably typical 
of intertidal polychaetes. Thus i t is probable that Nereis diversicolor on Seal Sands 
comes to the surface less frequently at lower substrate temperatures. Nereis also 
shows a seasonal rhythm in depth distribution, burrowing deepest in mid winter in 
Denmark (Muus, 1967). It is not known whether this increase in depth is a direct 
response to falling substrate temperature, as found for another polychaete in 
north-east England (Smith, 1975), or a rhythm independent of temperature. 
Comparable seasonal changes probably occur amongst the nereids on Seal Sands 
(although the actual depths may differ between the sites). 
These supposed seasonal changes in Nereis activity and depth distribution 
on Seal Sands could explain the temperature-related changes in use of space 
shown by Grey Plovers and Curlews during a winter. If Nereis diversicolor comes 
to the surface less frequently at lower substrate temperatures, the density of 
prey available per minute for Grey Plovers at any chosen time after exposure of a 
feeding site wi l l decrease as the temperature fal ls . Data given earlier support 
the hypothesis that, during a tidal cycle, the availability of Nereis also decreases 
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with time after exposure of the mud. At a lower temperature, therefore, the 
decrease in the proportion of worms available per minute wi l l be parallel to, but 
lower than, that at a higher temperature (Fig. 3.38), If so, the density of worms 
available per minute may drop below the threshold needed by Grey Plovers, 
particularly on sites exposed for a long period during the tidal cycle (Fig. 3. 38) 
and/or composed of fast-draining substrates, i .e . mud or f i r m sandy mud (Fig. 3. 39). 
If , as postulated, there is also a seasonal rhythm in depth distribution of 
Nereis on Seal Sands, the proportion of the worms within reach of a Curlew's b i l l 
on a particular site at a given time after exposure wi l l decrease f rom autumn to 
mid winter, and then increase again in spring (Fig. 3. 43). In mid winter, the 
density of accessible worms on some sites could fa l l below the threshold during 
the period of exposure (Fig. 3. 40). As for Grey Plovers, this fa l l is most likely 
to occur on areas at higher tidal levels and/or comprising faster-draining substrates 
(Fig. 3.41). 
As described in Section 3. I I . A. 3. d. , a Grey Plover or Curlew that 
experiences such a fa l l below the threshold should attempt to increase the density 
of prey available to i t , either by commencing defence of its feeding site, or by 
moving to a new site. For the density of available prey to remain above the threshold 
through the period of exposure, the new site should be at a lower tidal level and/ or 
include a slower-draining substratum (see Figs. 3. 38, 3.39, 3.40, 3. 41). 
The observed behaviour of marked Grey Plovers and Curlews can be analysed 
to test whether it fits these predictions. Five changes in use of space by Grey 
Plovers at Low Water during the period November-February coincided with falls 
in temperature (Table 3. 41). Two abandoned sites on high or marginal mudflats 
and a third became ter r i tor ia l on a mid-tidal area of mud (Table 3. 83). (A fourth 
fed upon small palychaetes but not nereids, so its behaviour is not directly relevant her 
Another four marked Grey Plovers that defended sites temporarily on Seal Sands on 
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the ebb/flood tides in cold weather (Section 3. I I . A. 3. e) fed on a sandy ridge at high 
tidal level. Furthermore, 2 of the 3 birds which abandoned a site moved to a 
wetter mudflat at a lower tidal level, and 2 subsequently moved back to a high 
mudflat when the temperature rose again (Table 3. 83). 
U 1 A i l l a . L ftcu v ^ u x i o w o u n t u i g c u u i c i i u o c u i o j j a v ^ c i n l i n u w m i c i ( l d u i c o . u i ; 
at a time when Nereis are believed to be least accessible. Five had been feeding 
on drier mudflats, four of them at mid tidal level and one at high tidal level. 
Two remained on the same site but became te r r i to r ia l , and three abandoned their 
sites and moved to a lower, wetter mudflat. 
These data support the thesis that at least some changes in use of space by 
Grey Plovers and Curlews are direct responses to falls in prey availability at low 
temperature. When low temperatures coincide with an increase in density of 
feeding birds, difficulties in maintaining an adequate prey capture are aggravated. 
It is under such conditions that changes in use of space are most likely. 
The behaviour of the Grey Plovers defending permanent feeding terri tories on 
Seal Sands would not have been predicted i f Nereis availability does fa l l with 
temperature. Permanent territories were held mainly on mid tidal areas comprising 
mud or f i r m sandy mud, areas that were likely to have provided low availability 
of Nereis in cold weather. Yet none of the marked Grey Plovers feeding there 
abandoned their terri tories until March (Table 3. 39), even though the mud temperature 
in mid winter sometimes fe l l to 0. 5°C. It appears that, on some mudflats, by 
excluding conspecifics f rom its feeding site and defending a site that is l i t t le used 
by other waders that feed on Nereis, a Grey Plover can maintain an adequate capture 
rate even during the coldest weather or mid winter. This may have been because 
the terr i tory holder was the only Grey Plover removing worms f rom the terr i tory 
and, therefore, the stocks were depleted only slowly, or because the absence of 
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conspecifics resulted in a) l i t t le reduction in the density of available prey during 
the period of exposure, and b) reduced interference in search paths. 
Changes in use of space in spring may also be direct responses to falls in 
the density of available prey, but at this time the situation is more complex. 
N p r p i s ar- t iv i tv s h n n l d hp h i trhpr in s p r i n t than in thp n n l d w e a t h e r nf m i d w i n t e r 
(Fig. 3. 42). However, due to predation by waders and death, the absolute density 
of Nereis falls markedly through a winter and may be very low in spring (Evans 
et al. 1979). By then, even i f the percentage of prey available is high, the density 
of prey available to Grey Plovers on any area may be as low as in mid winter 
(Fig. 3.42). With the proposed seasonal change in depth distribution of Nereis on 
Seal Sands, the density of worms accessible to Curlews in spring wi l l also be low 
(Fig. 3.43). This could have two consequences: birds forced to change their use 
of space in mid winter in response to decreased availability of Nereis may not 
revert to their previous pattern of use in spring; and other individuals may be 
forced to change their behaviour in spring. The behaviour of marked Grey Plovers 
and Curlews gives some support to this argument. Two Grey Plovers and three 
Curlews changed their use of space in spring. Three of the changes coincided with 
falls in temperature which would have further decreased the already low density of 
available prey. Furthermore, of the 20 changes in use of space by Curlews in the 
autumn, only 5 were reversed in spring. 
Summary - Simple hypotheses for changes in the activity and depth distribution of 
Nereis during a tidal cycle and during a winter account for much of the data on use 
of space by Grey Plovers and Curlews. It appears that Nereis activity is the major 
factor determining use of space by the visually-foraging Grey Plover, and Nereis 
depth distribution that determining use of space by the tactile-foraging Curlew. 
The models proposed make 3 assumptions about the foraging behaviour of 
the 2 species: 
a ) 
Activity ? 
• 
b 
Absolute 
density 
c 
i = liquid mud 
II = sof t mud 
111 = f i rm sandy mud Density of 
worms 
available 
per minute 
i 
i n 
0 N D J F M A M 
Figure s.t-2. Seasonal changes in a) the activity of Nereis (assuming 
a minimum is reached in mid winter - see text;, 
l)) the absolute density of Nereis, and c) the density of 
Nereis available to Grey Plovers per minute (derived 
from d.) and b) ), on three different substrate types at 
a given time after exposure. 
a) 
Proportion of 
worms within 
reach of a 
Curlew's bill 
b) 
Absolute 
density 
c 
i = liquid mud 
ii =soft mud 
m=firm sandy mud 
Density of 
accessib e 
worms 
II 
0 N D J F M A M 
Figure 7>.^ Seasonal changes in a) the proportion of worms within 
reach of a Curlew's b i l l , b) the absolute density of Nereis, 
and c) the density of Nereis accessible to Curlews (derived 
from a) and b) ), on three substrate types at a given time 
after exposure. 
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a) worms are captured at a constant rate during the feeding period, 
i f possible. 
b) there is no change in size selection. 
c) there is no change in search effort. 
These assumptions are tested in Section 4. Two alternatives to the simple 
models employed above are: 
1. A decreasing capture rate - birds might capture worms at a decreasing 
rate matching the decreasing availability/accessibility. By capturing at above 
the threshold rate early in the period of exposure and below i t later on, a bi rd could 
capture sufficient worms during the whole tidal cycle to meet its energy requirements. 
However data to be presented in Section 4 suggest that both Grey Plovers and 
Curlews attempt to maintain a constant capture rate rather than a decreasing one. 
2. An increase in energy requirements in cold weather - in cold weather birds 
need more food to maintain their energy balance. Even if prey availability 
remains constant Grey Plovers and Curlews may have difficulty meeting their 
higher energy requirements on some sites. This could lead to changes in use of 
space that are not a consequence of decreased Nereis activity or increased depth. 
From the data available i t is not possible to distinguish between changes caused 
solely by increased energy requirements, and those due solely to decreased prey 
availability. It is probable that the observed changes are a consequence of their 
combined effects. 
However, Nereis behaviour, although of major importance, is not the only 
factor affecting the choice of feeding areas and spacing behaviour of most Curlews 
and Grey Plovers. Intra- and interspecific interactions must also be considered. 
For example, the distribution of male Curlews on Seal Sands may be influenced by 
the feeding areas used by females (see Section 3. I I . D. 4. below); and that of Grey 
Plovers is affected by the distribution of other feeding waders (see Section 3. I I . D. 2 
above). 
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3. I I . D. 4. B i l l length in relation to Curlew use of space 
I have proposed above that Nereis on Seal Sands burrow deeper both during 
the period of exposure and also seasonally (deepest in mid winter), and shown that 
the observed behaviour of Curlews on different areas of Seal Sands supports this 
proposition. In this section I shall investigate whether the differences in use of 
space between male and female Curlews can also be explained in terms of responses 
to changes in prey depth distribution. 
As females have longer bills than males (Section 3.1. C. 1), they can reach 
worms lying at a greater depth in the mud. Therefore, as Nereis burrow deeper 
with time after exposure of the site, and f rom autumn to mid winter, they should 
move out of reach of males f i r s t . On some sites the density of worms accessible 
to males may fa l l below the threshold under certain conditions whereas females 
can continue to capture worms at an adequate rate. 
The use of the fields by Curlews of different b i l l lengths (Section 3. I I . C.) f i ts 
with these predictions. Movement of Curlews from Seal Sands to the fields 
occurred during autumn when Nereis burying depth is believed to increase. The 
majority of Curlews feeding on the fields were males, and amongst these males 
the shorter-billed individuals spent more time during the winter feeding there. 
Birds with very short bil ls would be the f i r s t to experience difficulties capturing 
worms on Seal Sands as the worms burrowed deeper. 
There is also evidence that males may have difficulty capturing prey fast 
enough on Seal Sands at other times of the year. Although the data are few, 
amongst the marked Curlews only males changed their use of space at Low Water 
during cold spells in mid winter and in spring, when absolute prey density was very 
low (Table 3. 84). In 4 of the 5 cases, defence of a previously undefended feeding 
site occurred, usually temporarily. By this defence, these Curlews might reduce the 
disturbance and removal of the few Nereis close to the surface. 
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Table 3. 84 
Timing of seasonal changes in Low Water use of space 
by marked male and female Curlews during 1977/78 
Males Females Total 
Autumn (Oct - Dec) 9 4 13 
Cold spell in Jan - Feb 3 0 3 
Spring (Mar - Apr) 2 0 2 
14 4 18 
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There appear to be differences between the sexes in the timing of seasonal 
changes in use of space. No marked females changed their Low Water use of 
space after December (Table 3. 84). This suggests that they chose a behaviour 
in anticipation of future feeding difficulties. Some females chose to occupy 
long-term terr i tories , and thereby gained the long-term advantages detailed in 
Section 3. I I . D. 1. Some males also defended such terr i tories. In contrast, 
some of the males which remained on Seal Sands all winter became ter r i tor ia l 
for only short periods, when forced to by low prey accessibility (in cold weather) 
or low absolute prey density (in spring). Such behaviour could provide only 
short-term benefits (Section 3. I I . D. 1). It is surprising that these males did not 
acquire long-term terri tories in autumn (and thereby preserve their food stocks, 
etc.) as it is they, rather than the longer-billed females, that are likely to 
experience difficulty in reaching worms in mid winter. Perhaps males are poor 
competitors (see below) and are often unable to acquire a suitable long-term 
ter r i tory . It must be noted, however, that the numbers in Table 3. 84 are very 
small and the population contains an excess of males (Section 3. I I . C. 1), so 
further observations are required to substantiate that a real difference in timing 
of seasonal changes between females and some males does exist. 
It was shown in Section 3. I I . B. 4. that seasonal changes in Low Water site 
and the occurrence of terr i tor ia l i ty were consequences of the ini t ial choice of 
Low Water feeding site. Surprisingly, the ini t ial choice of site by the two sexes in 
autumn is apparently not determined simply by prey accessibility in relation to 
b i l l length. If i t were, one would predict that males should in general choose 
wetter areas than females. There should be relatively few males on higher, sandier 
areas as the worms there should move beyond the reach of their bills during the 
period of exposure. In fact males fed particularly on higher, drier areas and females 
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especially on lower, wetter flats (Section 3. n. B. 4). There are four possible 
reasons for males feeding on such areas: 
1. Females are better competitors - As the females are larger than the 
males they may be dominant to them. Dominance could result f rom either direct 
aggression, or avoidance by males or females. No sex-related biases in aggression 
or avoidance were observed, but avoidance in particular is diff icult to identify. 
If females are dominant they may choose their feeding sites and the males have 
to use the remaining vacant areas. 
A l l marked females on Seal Sands during August - December 1977 either fed 
regularly and non-terri torially on Greenabella Bank, or defended regular 
feeding sites elsewhere on Seal Sands. They may therefore have had a choice of 
2 equally good strategies in autumn. It is hypothesized that in autumn some males 
fed on Greenabella Bank, using the remaining space; the others had to feed 
elsewhere on Seal Sands, where the density of accessible prey was lower. 
The behaviour of some males later in the winter (described above) suggests 
that they did not feed on the higher areas by choice, and were having difficulty 
capturing prey fast enough to meet their energy requirements. The movement of 
male but not female Curlews to the fields further supports the thesis that males 
have difficulty maintaining their capture rate on Seal Sands under certain conditions. 
2. Males that w i l l move to the fields use less favoured areas - It i t not possible 
to tel l whether male Curlews "know" in the autumn that they wi l l later move to the 
fields. The fidelity of some individuals to the fields in successive winters 
(Section 3. I I . C. 2) suggests that they may. As it appears that the density of 
accessible worms on the higher mudflats is adequate for Curlews in autumn but not in 
mid winter, males showing this behaviour would avoid competition with those 
Curlews taking up sites which w i l l supply their energy requirements through the 
winter (e.g. on Greenabella Bank). Then, when feeding conditions become more 
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diff icult with the seasonal decrease in temperature, these males could continue 
to avoid competition on the mudflats by moving to the fields rather than to 
Greenabella Bank. 
3. Males are better at prey capture on drier areas - As the bills of male 
and female Curlews curve ?.long the sf>.me arc (D. J. Townshend. unpublished 
data), because the male b i l l is shorter, i t is also straighter. A shorter, 
straighter b i l l may be better for probing into f i r m substrates, e. g. fields and 
sandy substrates, than the longer, more curved female b i l l . The male b i l l is 
probably less likely to break when twisted. Thus the difference in b i l l length 
and shape may enable males to specialize in prey capture on f i r m substrates and 
females to be more adept at capturing worms in soft sediment. 
No direct proof of this possible difference in niche utilization between the 
sexes is available. The distribution of males and females between the mudflats of 
Seal Sands, and between Seal Sands and the fields f i t the hypothesis. However 
as some males on the mudflats experience difficulty in capturing worms fast enough 
in very cold conditions, their preference for higher rather than lower mudflats 
may be confined to mild weather. 
4. Curlew behaviour is not determined by Nereis accessibility - The agreement 
between the hypothesis and the observed behaviour of Curlews described above 
makes this possibility unlikely. 
3. n. D. 5. A comparison between Grey Plover and Curlew 
use of space during a winter 
Grey Plovers show a similar range of fidelity to a Low Water feeding site 
during a winter, and similar causes and types of seasonal changes in use of 
space. However there were some differences in the timing of these changes and 
in the feeding areas involved. Many of the differences were a consequence of the 
difference methods of prey capture used by the two species (described in 
Section 3. I I . D. 2). 
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Site fidelity - Amongst both the Grey Plover and Curlew populations, some 
individuals changed Low Water feeding site during a winter, whereas others 
fed throughout the winter on one site. Fidelity to a Low Water site was related, 
in both species, to the original choice of feeding site, being highest on their 
preferred feeding areas ( i . e. those areas which held a high and constant number 
of that species throughout the winter). However the preferred feeding areas of the 
two species differed. Curlews concentrated on the areas of highest prey access-
ibi l i ty . Their method of prey capture was unaffected by the high density of 
waders feeding there. The areas preferred by Grey Plovers did not provide 
maximum prey availability, but had a low density of feeding waders. This, and 
the associated low level of disturbance, is required for the Grey Plover's method 
of prey capture to be successful (see above). From the small samples of colour-
marked birds available, i t is not possible to compare the proportion of individuals 
in each species that changed Low Water feeding site during a winter. 
In both species, the majority of individuals fed in the same site, at a 
given time of year, in successive winters. Fidelity between years for both 
Grey Plovers and Curlews was highest on their preferred areas. For Curlews 
on other areas, l imited data indicate that, where changes in feeding site occurred 
during a winter, a similar pattern of changes with similar timing was shown in 
successive winters by at least some individuals. There were too few data to show 
whether Grey Plovers also showed this pattern. 
Seasonal changes in Low Water feeding site were often accompanied by 
changes in ebb and flood feeding sites. In this way, individuals of both species 
could continue using ebb and flood tide sites that minimised the distance flown 
between feeding sites, once feeding had started. However, the behaviour of some 
Grey Plovers was again sometimes influenced by the distribution of other feeding 
shorebirds. Some Grey Plovers changed feeding area on the ebb and flood tides 
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when large flocks of other species were present on their normal feeding areas. 
In contrast, Curlews were not affected. For the Grey Plovers, able to capture 
only those prey present at the surface, the decrease in disturbance of prey 
gained by this change outweighed the increased costs of the associated longer 
flight between mudflats. As the prey of Curlews do not immediately move out 
of reach when disturbed, Curlews are less affected by flocks of birds on the 
open mud. Furthermore, many Curlews did not begin feeding on the ebb tide 
until large areas of mud had been exposed and the density of birds consequently 
had decreased. 
In autumn, some Grey Plovers and some Curlews defended feeding sites 
on certain areas of Seal Sands. Some individual Grey Plovers continued to 
defend a site during each Low Water period throughout the winter until emigration. 
No marked Curlews showed such fideli ty, some abandoning territories in mid 
winter and others (on different areas) establishing them then. The number of 
areas on which at least some Grey Plovers showed terr i tor ial i ty increased during 
the winter, whereas the number for Curlews did not change. Also, the Grey 
Plover population on the estuary increased during the winter whereas the Curlew 
population was constant. In both species, the behaviour of each individual was 
influenced by the Low Water feeding site used: Grey Plovers on their preferred 
areas were faithful to their terr i tories, whereas seasonal changes between non-
te r r i to r ia l and te r r i to r ia l behaviour were shown only by individuals feeding on 
the less preferred areas; amongst the Curlews, the type of change (whether 
to or f rom defence of a feeding site) varied between areas. 
The proportion of Grey Plovers defending feeding sites was greater than that 
of Curlews. It is believed that this is again a consequence of the Grey Plover's 
method of prey capture relying upon undisturbed prey animals. Thus it appears 
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that for Grey Plovers, but not for Curlews, the immediate benefits of defence 
are of major importance even to individuals defending long-term territories 
that may provide certain benefits only in the long-term. 
The causes of seasonal changes in use of space - The possible causes of 
seasonal changes in use of space w«re detailed in Section 3. I I . A. 3. d. Analysis 
of the data for marked Grey Plovers and Curlews showed that, despite differences 
in prey capture method, in both species the factors most frequently correlated with such 
changes were fall ing temperatures (which reduce prey availability and increase 
energy requirements) and increased density of conspecifics (which increases disturbance 
and removal of available prey). In many cases, particular]}' during severe weather in 
mid-winter, i t was clear that the marked birds that changed behaviour were forced 
to do so because of difficulty in obtaining food fast enough with their original use of 
space. However, other changes by both species, particularly in autumn, probably 
occurred in anticipation of poor feeding conditions later in the winter. 
Some Grey Plovers changed feeding site soon after their arr ival on Seal 
Sands, whereas no such changes were observed amongst the marked Curlews. As 
most Curlews arrived during a short period in the autumn whereas Grey Plovers 
continued to arrive throughout the winter, changes amongst Curlews may have 
occurred but not been observed. Also as a larger proportion of Grey Plovers than 
Curlews defend feeding sites on Seal Sands, some newly-arrived Grey Plovers may 
have had difficulty finding a suitable, available feeding area. Others apparently 
either chose a poor area and were forced to change, or were sampling the 
available areas before choosing one. 
Temporary te r r i tor ia l defence by both species occurred when prey 
availability fe l l and competition for food and/or space increased. However, only 
Curlews showed temporary site defence during gales. Gales make feeding at the 
tide edge very diff icul t , and would therefore affect Curlews, which feed at high 
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density at the tide edge, but not Grey Plovers as they tend to avoid the tide edge. 
Most Grey Plovers stop feeding during gales (Dugan et al. 1981). 
The causes of changes in use of space by non-breeding individual Grey 
Plovers and Curlews under changing environmental conditions can be compared 
with those identified in two similar studies, one onanother shorebird species, the 
Sanderling Calidris alba (Myers et al. 1979b) and one on a passerine species, the 
Pied Wagtail Motacilla alba (Davies, 1976). In all four species, individual 
variation in use of space occurred, with only a proportion of the population 
defending feeding sites. 
Some Grey Plovers and Curlews on mudflats, Sanderlings on beaches and 
Pied Wagtails along r iver banks established terri tories in autumn and defended 
them for long periods during the winter, presumably because of the long-term 
advantages gained thereby. Such terri tories were sometimes abandoned during a 
winter, the birds moving to a new area to feed. Both Curlews and Pied Wagtails 
did so when feeding conditions on their terri tories deteriorated, i . e. they were 
probably forced to change due to food shortage. It was not possible to determine 
the cause of abandonment of terri tories by Grey Plovers in spring, but again 
food shortage may have been involved, hi contrast, some Sanderlings abandoned 
terr i tories when a superabundant food source appeared elsewhere, even th ough 
feeding conditions within the terr i tory had not changed. Thus they were not forced 
to move, but changed their use of space because the benefits of feeding elsewhere 
were greater. Similar opportunistic behaviour was occasionally shown by Curlews 
and Pied Wagtails which changed feeding site in order to take advantage of a marked 
increase in prey availability caused by flooding of pastures. 
Very short-term site defence was observed in all four species. Curlews 
and Grey Plovers showed this behaviour only when experiencing difficulty in 
capturing food fast enough in an undefended site, i . e. when forced to change behaviour. 
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This contrasts with the occurrence of temporary defence of feeding sites by Pied 
Wagtails. Individual wagtails within the flock that fed on partially flooded pasture 
defended feeding sites when the food temporarily became very clumped. Such 
defence appeared to be opportunistic, as these individuals fed non-territorially 
Vtl Ullv kflKV > ' t J VJl. Hl^ AWWM ^ — 1 • i — * — ~ ~ _ . - . ^ -
Presumably temporary defence was part of their tactics to maximise the benefits 
f r o m the superabundant food source. 
The differences in causes are probably a consequence of the predictability of 
the food sources of the different species. Opportunistic changes in use of space 
were most frequent where the food dispersion was subject to marked and sudden 
changes, i . e. in Sanderlings on beaches and Pied Wagtails in flocks on pastures. 
Where there is a predictable food supply, i . e. for Grey Plovers and Curlews on 
Seal Sands, and Pied Wagtails along r iver banks, long-term territories are 
often defended and changes in use of space occur only when forced by food shortage. 
Abil i ty to meet food requirements - By combining the information on individual 
birds with that on seasonal changes in the Low Water distribution on Seal Sands 
(detailed in Section 2), the ability of Grey Plovers and Curlews to meet their 
food requirements on areas of different substrate at different tidal levels can be 
compared. Throughout the winter, Grey Plovers tended to feed and defend 
terri tories on drier substrates and higher tidal levels than Curlews. The number 
of Grey Plovers on the areas at high tidal level reached a peak in mid winter, 
and that on the areas of f i r m sandy mud at mid tidal level remained constant 
f rom autumn to spring. Also, the majority of cases of temporary te r r i tor ia l behaviour 
amongst Grey Plovers coincided with the lowest temperatures of the winter. Most 
Grey Plovers, therefore, could probably maintain their required capture rate 
(albeit perhaps by defending their feeding site) on all areas, even though some 
areas may have been preferred to others. 
! 
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In contrast, most Curlews abandoned areas at high level and certain 
areas of f i r m sandy mud at mid tidal level in mid winter. It appears, therefore, 
that they were unable to capture food at an adequate rate on these areas during 
the coldest parts of the winter. Also Curlews defended temporary territories under a 
wider range of temperatures than Grey Plovers. Only nn softer substrates at mid 
and low tidal levels were Curlews able to feed in all conditions. On most areas 
where both Curlews and Grey Plovers defended terri tories at some time during 
the winter, as the temperature fe l l the Curlews were the f i r s t to change their use of 
space. Thus i t appears that Curlews have more difficulty than Grey Plovers in 
maintaining an adequate capture rate, at least on the higher mudflats of Seal 
Sands, when feeding conditions are poor. 
SECTION 4. PART I 
This section has been removed at the 
request of the examiners. 
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PART I I . THE FORAGING BEHAVIOUR OF GREY PLOVERS 
AND CURLEWS IN RELATION TO PREY BEHAVIOUR 
4. I I . A. INTRODUCTION 
I t <^> possible- that most of the changes in use 
of space shown by Grey Plovers and by Curlews on Seal Sands could have been 
determined by changes in the activity and depth distribution (respectively) of 
Nereis diversicolor. I shall now investigate whether the data on Grey Plover 
and Curlew foraging behaviour collected during the study support this 
proposed causal relationship between invertebrate behaviour and shorebird 
behaviour. 
4. n.B. GREY PLOVER 
4. I I . B. 1. Foraging behaviour during a tidal cycle 
In preceding sections i t was assumed that each Grey Plover 
attempts to maintain a constant rate of prey capture during its feeding 
period in each tidal cycle. It was argued that birds unable to maintain their 
capture rate should change their use of the habitat (either becoming ter r i tor ia l 
on the same site or moving to another site where an adequate capture rate could 
be achieved). Conversely, therefore. Grey Plovers that either began excluding 
conspecifics f rom a site or moved to a lower and/or wetter feeding site within 
a Low Water period should have shown a fa l l in capture rate before they 
changed. This fa l l could be either gradual, paralleling the gradual decrease 
in Nereis activity, or sudden, at the point when the gradually increasing effort 
to detect available prey (see below) fails to maintain the constant rate of capture. 
(To detect a sudden f a l l , measures of prey capture rate are required immediately 
before the bi rd changes its _use of space; this was difficult to achieve in 
practice.) 
a. Data collection 
Data on the foraging behaviour of marked birds were collected during 
observation periods usually of 5 - 10 minutes length, but occasionally of up to 
30 minutes. In each observation period the following data were recorded; 
i) the number of prey items swallowed 
ii) the identity <ind size of these prey items 
i i i ) the number of attempts to capture prey 
iv) the number of paces taken in each burst of running 
(for Grey Plovers only). 
Identification of prey species, and size estimation - The range of species 
of intertidal macro-invertebrates on Seal Sands is very small (Evans et al. 1979) 
so identification at close range was relatively simple. The size of the main 
prey species of Grey Plovers and Curlews, Nereis diversicolor, was estimated 
relative to the b i l l length of the bird extracting i t . This method provided a 
relative measure of size sufficient for comparisons, for example between 
individual birds and between sites (but inadequate for a determination of 
absolute biomass intake). 
Attempts to capture prey - For Grey Plovers each peck at the substrate, 
except those used to clean the b i l l , was considered to be an attempt to capture prey. 
For Curlews, which frequently made several probes at a single site, the 
number of attempts to capture prey was equated with the number of sites at 
which probes were made. 
Difficulties in data collection -
i ) As, for the purposes of this part of the study, observations 
were made only on marked birds, on some occasions data on 
foraging had to be collected f rom birds up to 400 metres away. 
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During such long-distance observations some captures of 
of small prey items were probably missed and size estimation 
of worms seen to be captured was more difficult, 
ii) Estimation of the size of prey on easily observed sites was 
made more complex by the following factors: 
1„ Worms were much easier to extract from liquid mud than 
from sandy substrates, due to the greater purchase afforded 
by sand for resistance by the worm. Consequently extraction 
from sand took longer and involved greater stretching of the 
worm. Therefore direct comparisons of prey sizes taken 
cannot be made between sites of very different substrates. 
2. Worms hanging from the bill can be stretched markedly by 
strong gusts of wind. As worm size is estimated during the 
period between extraction and swallowing, data collected on 
windy days will be biassed towards larger sizes than on 
calm days. 
3. Some worms break during extraction. For Grey Plovers, 
which generally give up at a site if a worm breaks, no estimate 
of the total length of the worm (for use in a study of size 
selection) could be made. Curlews often persevere at the 
site and extract all or most of the worm in pieces. It is 
difficult to determine the original total length from pieces 
but a minimum can be estimated. 
Where possible, allowance is made for these difficulties in 
data collection. 
Minimum length of observation periods - Although some observation 
periods lasted 30 minutes, others were curtailed by factors such as the 
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temporary disappearance of the bird, or cessation of feeding due to disturbance, 
preening, etc. An insufficient number of long observations ( ^  10 minutes) 
were made in some of the situations under study, so shorter periods have also 
been used in the analysis, e.g. of feeding rates prior to leaving a site. In 
order to determine the minimum length of observation that provides a reasonable 
estimate of the capture rate, observation periods on 6 marked Grey Plovers and 
6 marked Curlews lasting 14 - 20 minutes were analysed. In each case the 
capture rates in 5 different periods of 1 minute were measured and a mean 
and standard deviation calculated from the 5 values. This was repeated for 
observations lasting 2-10 minutes. As the length of the observation was 
increased the standard deviation decreased (Fig. 4.13), levelling off for 
periods of ? 4 minutes for Grey Plovers and 5? 5 minutes for Curlews. 
These were taken as the minimum lengths of observation periods for the 
2 species. Shorter periods could not be taken as representative of a bird's 
foraging behaviour. 
It must be pointed out, however, that long periods of observation also 
have disadvantages. A bird can move onto different substrates and across 
patches of high and low prey density, leading to increased variation in the 
foraging data. 
b. Foraging behaviour of Grey Plovers that changed feeding 
site during a Low Water period 
On 9 occasions curing the study I measured the feeding rates of a 
marked Grey Plover that changed feeding site later in the Low Water period. 
Some individuals were observed on several days. In each case discussion 
is confined to observations of feeding on a single site no more than 30 metres 
across and comprising one substrate type at one tidal level. 
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Figure 4,13 The determination of the minimum length of observation 
required to provide reasonable estimates of Grey Plover 
and Curlew capture rates. The minimum length for each 
species is indicated by a dashed line. Each graph refers 
to a different individual. (See text for details of the method. ) 
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The rate of capture of worms -
i) Birds observed just before leaving (Fig. 4.14a) - the feeding 
rates of 4 birds were measured during the 15 minutes leading up to their 
departure. One (B W/G 1. 4. 76) showed a significant decrease in prey 
capture rate in the hour before it left the site (Table 4.10). This decrease 
was sudden rather than gradual. (Unfortunately no data are available 
to test whether the bird had previously been increasing its search effort 
to maintain its capture rate.) A second bird (Y O/R) left too early in 
the final observation period (after 3 minutes) to permit an accurate 
measure of its capture rate, but it appeared also to show a marked 
decrease in the hour before leaving. 
No decrease in capture rate was shown by the other 2 marked 
birds, although in one case the final observation period was too brief 
to be an adequate measure. In both cases the feeding rate was extremely 
low throughout the time they fed on the site. They may therefore have 
left when the energetic costs of a further increase in search effort 
(see below) would have exceeded the resulting food intake, 
ii) Birds observed some time before leaving (Fig. 4.14b) - Two 
birds (O W/W, L W / L 31.1. 78) showed a fall in prey capture rate 
beginning 2^/2 - 3 hours after the site was exposed. One fall was 
significant (at the 1 per cent level, Table 4.10) and sudden. The other 
(O W/W) was gradual and consequently the only difference significant 
at the 1 per cent level was between the peak and the final 2 values (see 
Table 4.10). The decrease in the 2 hours following the peak value fitted 
a straight line regression (correlation coefficient (r)= -0.883, n = 5, 
P < 0. 05; slope significantly different from zero, t = 3. 27, P < 0. 05). 
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Figure 4. 14 Changes in the rate of worm capture during 
the period of exposure, by marked Grey 
Plovers that changed feeding site: 
a) four birds observed just before leaving, 
b) five birds observed some time before leaving. 
Key: arrows indicate the time of leaving for 
each bird; the total number of worms 
taken during each observation period is 
shown above the point. 
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On the other 3 occasions included in this category (all L W/L) no 
decrease in capture rate was detected, the results being variable and 
therefore inconclusive. 
Thus, in all, 4 of the 9 cases showed evidence of a decrease in capture 
rate prior to leaving a site, 3 sudden and 1 gradual. Whether a fall is sudden 
or gradual may be determined by the substrate on which the bird is feeding. 
The one gradual fall was shown by a marked bird feeding on a very sandy site 
on Central Bank - south, whereas all other observations, including the sudden 
decreases, were made on the muddier substrate (at a similar tidal level) of 
Scalloped Mud - east. Perhaps on Scalloped Mud the depressive effect of 
the decreasing activity of Nereis on capture rate can be overcome (e. g. by 
increasec search effort, see below), at least for some time, whereas on the 
sandy mud of Central Bank - south the activity falls too rapidly for this to be 
possible. 
The variety of behaviour shown by the marked birds on Scalloped Mud 
may be due in part to the weather conditions on the observation days. Two of 
the 3 falls in capture rate occurred during cold weather in January, and one in 
April when absolute prey density would be low. Thus the density of available 
prey would be low in each case. On another day in April (5th) the same bird 
as above (B W/G) showed no decrease in capture rate before leaving. However 
due to very strong winds (gusting up to 42 knots) on that day it had a very low 
capture rate throughout its feeding period - a rate similar to that shown just 
before it moved site on 1st April (Fig. 4.14a). The density of available prey 
when it left was, therefore, probably at a similar level on the 2 days. 
In 5 out of 9 cases of marked Grey Plovers being observed before they 
left a feeding site no decrease in capture rate with time after exposure was 
detected. This cannot be explained simply in terms of the drying of the 
mud and the consequent decreasing activity of Nereis. In predicting the 
behaviour of Grey Plovers during a tidal cycle from changes in Nereis activity 
(Section 3.u."b.7. ) 3 assumptions were made. The behaviour of these 5 marked 
birds suggests that these assumptions may be invalid, as will now be discussed. 
Assumption 1 - prey availability limits the rate of capture of worms: 
As a fall in prey capture rate was shown by some marked Grey Plovers 
before they left Scalloped Mud and Central Bank, it is unlikely that the feeding 
rate of others (and even of the same bird on different days) feeding on the same 
area was independent of prey availability. It is more probable that the variety 
of behaviour observed was a consequence of individual variation in the birds' 
abilities to capture the available worms at an adequate rate. 
Assumption 2 - there was no change in size selection of Nereis during 
the feeding period: 
Grey Plovers feeding on an area where the availability of Nereis falls 
could maintain a constant rate of capture by selecting at first mainly large worms, 
and then, as the percentage of worms available falls, taking large and small 
worms in the proportions available at the surface of the mud. The decrease 
in selectivity may be gradual, parallelling the decreasing availability of 
worms, or sudden, involving a switch from selection to no selection (Fig. 4.15). 
i) Birds which showed no decrease in overall capture rate (Fig. 4.16) -
one of the 5 (L W / L , 17.1.78) showed a significant decrease in the capture 
rate of large worms (i. e. worms £ 3 bill lengths, equivalent to 90 mm 
estimated length) (Table 4.11). Two birds did not experience a decrease 
and the remaining 2 caught too few worms to make any conclusions. 
ii) Birds which showed a decrease in overall capture rate (Fig. 4.17) -
all 4 showed a decrease in the number of large worms caught per minute 
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Fig. 4. 15 Two possible changes in size selectivity available to 
Grey Plovers and Curlews: 
A) a gradual decrease in selectivity, 
Bi a sudden switch from selectivity to no selectivity. 
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Figure 4. 17 Changes in the rates of capture of large and small 
worms with time after exposure for four marked 
Gre_v Plovers which showed a decrease in overall 
capture rate before changing site. These graphs 
are derived from the data presented in Figure 4.14. 
Key: arrows indicate the time of leaving for each bird. 
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with time after exposure of the site; 2 decreases were significant at 
the 1 per cent level anc 1 at the 5 per cent level (Table 4.11). 
As the decreases in overall capture rate and capture rate of 
large worms coincided in 4 cases, changes in size selectivity may not in 
fact occur. The decrease in the number of large worms caught per minute 
could be a consequence of increasing difficulty in capturing worms of all 
sizes. The decreases in the rates of capture of small worms (Fig. 4,17) show 
this to be true in 3 cases. However the limited data on the fourth bird (Y O/R 
17.1. 78), and also the data for the individual that experienced a fall in the 
capture of large worms but not all worms (Fig. 4.16, L W / L s 17, 1= 78). showed 
real changes in size selectivity. Both prevented or reduced the fall in overall 
capture rate by a sudden increase in the proportion of small worms in the 
diet. As the 2 birds fed in the same creeks on Scalloped Mud at the same 
time on the same day the difference between them and the other 7 cases is 
probably significant. 17th January 197 8 was the coldest day on which measures 
on birds changing feeding site were collected (mud temperature 2. 5°C, midday 
air temperature 1°C). Changes in size selectivity, therefore, may be 
employed only when Nereis activity is very low. However, the data for Y O/R 
are inadequate for firm conclusions to be drawn. 
In the majority of cases (5 out of 7) a decrease in sizes of worms 
selected did not occur. Thus in general Grey Plovers do not employ such 
changes to avoid or reduce a falling capture rate caused by the decreasing 
availability of Nereis. 
Assumption 3 - there was no change in search effort 
during the feeding period; 
A Grey Plover could maintain a constant capture rate of worms in the 
face of falling availability by increasing the effort made to capture worms. In 
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this study the parameter used to measure search effort in Grey Plovers 
was the area searched at each pause between runs. It is argued that, to 
maximise its chances of capturing prey, a Grey Plover should: 
a) search the smallest area required 
b) avoid overlap between areas searched 
a) Size of area searched at each pause - Grey Plovers very rarely capture 
more than one worm from each area searched. Each bird should, therefore, 
search an area that contains at least one worm available at the surface. 
However, as soon as the Grey Plover runs across the mud from its observation 
point to catch a worm it will create vibrations in the mud. These will cause 
nearby worms to retreat from the surface into their burrows (Vader 1964, 
Muus 1967, Ratcliffe 1979). In order to minimise disturbance the Grey Plover 
should run the shortest distance possible. Thus the area searched should be 
the smallest that supplies an adequate number of available worms. 
b) Overlap between areas searched - if a Grey Plover is to run the shortest 
distance possible, each run after prey capture or attempted prey capture should 
take it to the far edge of the area just searched. A shorter run would reduce 
disturbance but it would then search some mud twice within a few seconds. 
As the mud dries out with time after exposure fewer Nereis come to the 
surface per unit time. By increasing the area searched a Grey Plover could 
search an area containing the same number of Nereis at the surface, throughout 
the feeding period. It could thereby maintain a constant rate of worm capture 
despite the falling availability. (This assumes that it can capture Nereis 
from a large search area, often with a long run, or a small area with equal 
facility.) 
No absolute measure of area searched during each pause could be 
obtained. Instead an estimate was derived from the number of paces taken 
in each burst of running. A mean value for the number of paces per burst 
of running (excluding any runs for purposes other than feeding, e.g. across 
creeks or moving off other birds) was obtained for each observation period, 
and it is these means that are plotted on Fig. 4.18. It is expected that any 
increase in area searched with time after exposure should be gradual, matching 
the gradual decrease in Nereis activity. 
i) Birds which showed no decrease in overall capture rate (Fig. 4.18a) 
3 of the 5 increased the area searched with time after exposure. In only 
one case was the increase significant even at the 10 per cent level 
(Table 4.12). 
ii) Birds which showed a decrease in overall capture rate (Fig. 4.18b) -
all 3 for which data are available increased the area searched, one 
increase being significant at the 10 per cent level (Table 4.12). 
The increases in area searched shown by some birds were very marked 
so it is believed that more extensive data would have increased the level of 
significance of the results. The marked bird feeding on Central Bank (O W/W) 
increased its search area more gradually than those on Scalloped Mud. 
At least some Grey Plovers, therefore, prevent a fall in overall capture 
rate by increasing the area searched each pause. Two of the 3 marked birds 
doing so (B W/O, B W/G 5. 4.76) had very low capture rates (Fig. 4.15) and 
the third (L W / L , 17.1. 78) has been shown above to have been experiencing 
difficulties in capturing large worms fast enough. Other Grey Plovers were 
unable to avoid a fall in capture rate despite increasing the area searched. 
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Conc lus ions - It i s c l e a r that the hypothesis presented in Section *2>.IT.>> , 
that G r e y P l o v e r behaviour i s de termined only by the activity of N e r e i s , i s 
much too s i m p l e a model to explain the var ia t ions observed in foraging behaviour . 
Although some b irds exper ienced the predic ted f a l l in o v e r a l l capture r a t e of 
w o r m s this f a l l was delayed, reduced or avoided by s e a r c h i n g a l a r g e r a r e a 
at each pause.. In very cold weather when N e r e i s avai labi l i ty should have 
been very low, changes in s i z e s s e l ec ted appear also to have been made in 
an attempt to maintain a constant capture ra te . 
c . F o r a g i n g behaviour of G r e y P l o v e r s that fed in 
one s i te throughout the per iod of exposure 
F r o m the preceding sect ion it i s c l e a r that cons iderable per iods of 
observat ion on the foraging behaviour of individual b i r d s a r e r e q u i r e d for 
meaningful ana lyses to be p e r f o r m e d on the data. When studying b i r d s that 
changed feeding s i te during a t idal c y c l e the per iod for which a b i r d can be 
observed in the s i te i s , by definit ion, l imi ted . However cons iderably longer 
per iods of observat ions w e r e made on individual G r e y P l o v e r s that r e m a i n e d 
in a s ingle s i te throughout i ts per iod of exposure . T h e s e observat ions w e r e 
ana lysed to identify whether any changes took place in those p a r a m e t e r s 
d i s c u s s e d above, namely: 
1) the ra te of capture of w o r m s 
2) s i z e of w o r m s taken 
3) the a r e a s e a r c h e d during each pause. 
1) T h e rate of capture of w o r m s 
The following changes in the o v e r a l l capture ra te a r e poss ible: 
a) no d e c r e a s e , because 
i) prey avai labi l i ty i s not l imi t ing the ra te of capture , or 
ii) the fa l l ing capture r a t e is avoided by a change in s i z e s 
s e l ec ted or a r e a s e a r c h e d . 
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b) d e c r e a s e - if a d e c r e a s e o c c u r s it i s p r e s u m e d that the 
capture r a t e does not f a l l below the thresho ld so the b i r d can 
continue feeding in that s i te (in contrast to those G r e y P l o v e r s 
that left a s i te during the L o w Water period) . 
T h e effect on G r e y P l o v e r feeding r a t e s of the incoming tide cover ing 
the mud indicates that prey avai labi l i ty does l i m i t the ra te of capture of w o r m s 
on at l eas t some t e r r i t o r i e s . On a l l but the softest s u b s t r a t e s , the mud d r i e s 
out after exposure , re su l t ing in a f a l l in the density of avai lable w o r m s . A s 
the incoming tide c o v e r s the mud, the act ivi ty of N e r e i s i n c r e a s e s rap id ly and 
most w o r m s come to the s u r f a c e (Vader 1964); thus the density of ava i lable 
w o r m s suddenly i n c r e a s e s . If ava i labi l i ty i s l imi t ing the r a t e of capture , 
this i n c r e a s e should l ead to: 
i) an i n c r e a s e in capture r a t e , and/or 
i i ) a d e c r e a s e in a r e a s e a r c h e d during each pause, if the 
capture r a t e had prev ious ly been maintained at a constant 
l e v e l by i n c r e a s i n g the a r e a s e a r c h e d . 
E a c h of 6 m a r k e d G r e y P l o v e r s was observed feeding on a s i te both 
before and as it was flooded by the tide. In 5 per iods of observat ion the a r r i v a l 
of the tide on the s i te l ed to a m a r k e d d e c r e a s e in a r e a s e a r c h e d each pause 
(Table 4.13). T h e capture ra te i n c r e a s e d in only two. Thus it appears that prey 
avai labi l i ty l i m i t s the r a t e of capture of w o r m s , at l eas t on the sandier s u b s t r a t e s , 
i . e. on the main G r e y P l o v e r feeding a r e a s : C e n t r a l B a n k - north , E a s t e r n 
Channe l (see T a b l e 4.13). 
If prey ava i lab i l i ty i s l imi t ing on these s i t e s , the ra te of capture should 
f a l l during the per iod of exposure of a s i t e , unless the G r e y P l o v e r changes i ts 
foraging behaviour to avoid the f a l l . Changes in capture rate w e r e studied in 
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13 long periods of observation on ind iv idua l ly -marked G r e y P l o v e r s , each 
las t ing at least 2 hours . The r a t e of capture of w o r m s decreased in only 2 
c a s e s ( F i g , 4.19a); on both occas ions the f ina l value was outside the 99 per cent 
confidence l i m i t s of the mean of the other va lues . Both d e c r e a s e s w e r e gradua l 
r a t h e r than sudden, suggesting that the b i r d was unable to avoid the d e p r e s s i v e 
effect of d e c r e a s i n g N e r e i s activity on capture r a t e . Despite the d e c r e a s e s no 
change in feeding s i te o c c u r r e d so presumably the rate .when integrated over a 
cer ta in t ime per iod , did not f a l l below the supposed threshold . A s one b i r d 
(W R / O 13.1.77) caught no w o r m s in a 5 minute s p e l l , yet did not leave that 
s i t e , it must have integrated its capture r a t e over m o r e than 5 minutes before 
deciding whether or not to l eave . 
hi 11 out of the 13 c a s e s no d e c r e a s e in capture rate was observed 
( F i g . 4.19b) even though prey avai labi l i ty was be l ieved to be l imi t ing the r a t e 
on the main G r e y P l o v e r feeding a r e a s (see above). It s e e m s probable that 
this was achieved by decreas ing the s i z e se lec t iv i ty and/or i n c r e a s i n g the 
s e a r c h a r e a during the per iod of exposure . T h i s w i l l now be investigated. 
2) S i z e se lec t iv i ty 
i) B i r d s which showed no d e c r e a s e in o v e r a l l capture r a t e - the r a t e 
of capture of l a r g e w o r m s d e c r e a s e d in 3 of the 11 c a s e s ( F i g . 4. 20). In 
one c a s e (R Y / Y ) the d e c r e a s e was sudden and m a r k e d (the f i n a l 2 va lues 
both l ie outside the 99 per cent confidence l i m i t s of the mean of the peak 
v a l u e s ) . The d e c r e a s e shown by O L / O was v e r y gradual , and that by 
L W / L (19.12.77) o c c u r r e d v e r y e a r l y in the per iod of exposure and i s 
unl ikely to have been due to a f a l l in the act ivi ty of l a r g e N e r e i s . In 2 c a s e s 
(R Y / Y , O L / O ) a r e a l d e c r e a s e in s i z e se lec t iv i ty o c c u r r e d : the d e c r e a s e 
in the capture rate of l arge w o r m s was c o r r e l a t e d with an i n c r e a s e in the 
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capture rate of s m a l l w o r m s ( F i g . 4. 20). Unl ike the examples d i s c u s s e d 
e a r l i e r , this change in s i z e se lec t iv i ty did not occur on p a r t i c u l a r l y cold 
days . 
Two b i r d s showed no d e c r e a s e in the capture rate of l a r g e 
w o r m s ( F i g . 4. 21a); and 6 caught too few w o r m s for any conclus ions 
to be drawn. 
ii) B i r d s which showed a d e c r e a s e in o v e r a l l capture rate - one showed 
no d e c r e a s e in the number of l arge w o r m s caught per minute with t ime 
after exposure ( F i g . 4. 21b), and the other caught too few w o r m s for 
conclus ions to be drawn. 
T h e s e r e s u l t s s e r v e to emphas ize the var iab i l i t y in behaviour both between 
individuals and between days for the s a m e indiv idual . 
3) The a r e a s e a r c h e d during each pause 
i) B i r d s which showed no d e c r e a s e in o v e r a l l capture ra te or capture 
rate of l a r g e w o r m s ( F i g . 4. 22) - 6 of the 8 b i r d s showed an i n c r e a s e in 
a r e a s e a r c h e d during each pause , 3 i n c r e a s e s being s ignif icant at the 10 per 
cent l eve l (Table 4.14). 
i i ) B i r d s which showed no d e c r e a s e in o v e r a l l capture ra te but a 
d e c r e a s e in the capture rate of l arge w o r m s ( F i g . 4. 23a) - 2 of the 3 
i n c r e a s e d the ir s e a r c h a r e a (both i n c r e a s e s s igni f icant at the 10 per cent 
l e v e l , T a b l e 4.14). T h e data for the t h i r d b i r d (O L / O ) , when combined with 
that co l lec ted f r o m the s a m e b i r d on the s a m e site 9 days e a r l i e r in 
s i m i l a r weather conditions, show that this b i r d a lso i n c r e a s e d its s e a r c h 
a r e a with t ime after exposure ( F i g . 4 .23b) . 
i i i ) B i r d s which showed a d e c r e a s e in o v e r a l l capture rate ( F i g . 4. 23c) -
both b i r d s i n c r e a s e d the a r e a s e a r c h e d during each pause, one s igni f icant ly 
(Tab le 4.14). 
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A r e a s e a r c h e d during each pause in re lat ion to time after 
exposure of a s i te: a) and b) three m a r k e d G r e y P l o v e r s 
which showed no decrease in o v e r a l l capture rate but a 
d e c r e a s e in the capture rate of l arge w o r m s (see text), 
c) two b i r d s which showed a d e c r e a s e in o v e r a l l capture 
ra te . 
O v e r a l l 10 of the 13 b irds showed an i n c r e a s e in a r e a s e a r c h e d with t ime 
after exposure , 6 i n c r e a s e s being s ignif icant at the 10 per cent l eve l . The 
proportion showing a d e c r e a s e in either o v e r a l l capture ra te or capture rate 
of large w o r m s was much s m a l l e r . However data on s e a r c h a r e a were much e a s i e r 
to co l lect than those on w o r m capture ra tes as so few w o r m s were caught per 
minute. More extensive observat ions may r e v e a l d e c r e a s e s in the capture 
r a t e s of a l l or only large w o r m s during the per iod of exposure of a s i te . 
Conc lus ions -
The r e s u l t s of the prev ious section a r e substantiated: most G r e y P l o v e r s avoid 
the pred ic ted fa l l in capture rate caused by the fa l l ing activity of N e r e i s by 
i n c r e a s i n g with t ime after exposure the a r e a s e a r c h e d during each pause. The 
hypothesis used to predic t G r e y P l o v e r foraging behaviour during a t idal c y c l e 
so le ly f rom the changes in act ivity of N e r e i s i s there fore too s imple . 
T h e r e i s great var iab i l i ty in the foraging behaviour of G r e y P l o v e r s both 
between individuals and between days for the same indiv idual . 
4. I I . B . 2. F o r a g i n g behaviour during a winter 
In Section '2>.il.'b.3.. it was shown that during a winter some G r e y P l o v e r s 
changed their use of habitat , probably in response to d e c r e a s e s in N e r e i s 
act ivi ty (caused by cold t emperatures or an annual rhythm) and in N e r e i s density. 
It s e e m s poss ib le , there fore , that changes in G r e y P l o v e r foraging behaviour 
should occur in re lat ion to the s a m e fac tors . F o r example , in cold weather , 
when N e r e i s act ivity f a l l s , the ra te of capture of w o r m s by a Grey P l o v e r in 
a given s i te might be expected to f a l l . If it does not, it may be for one or both 
of the following r e a s o n s : 
a) a d e c r e a s e in s i z e se lect iv i ty 
b) an i n c r e a s e in a r e a s e a r c h e d during each pause. 
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In t h i s sect ion I s h a l l d e s c r i b e the behaviour of 2 b i rds seen feeding 
r e g u l a r l y i n one s i te during one or more winter . It was hoped that the extensive 
observat ions on these 2 b i rds would provide a c l e a r e r pattern of the changes 
o c c u r r i n g d u r i n g a w i n t e r than would infrequent observat ions on a l a r g e r number 
of m a r k e d b i r d s . The 2 b i r d s studied w e r e W R / O on its E a s t e r n Channel 
t e r r i t o r y d u r i n g the w inters of 1975/76, 1976/77 and 1977/78, and L W / L on 
its t e r r i t o r y on Scal loped Mud - east during the 1977/78 winter . Data for any 
observat ions o f feeding within the t e r r i t o r y w e r e used for L W / L ; for W R / O only 
data col lected c u r i n g High Water +6 - High Water +8 hours were analysed. 
1. The ra te o f capture of worms ( F i g . 4 ,24) 
In each of the 3 w i n t e r s , W R / O showed a d e c r e a s e in the o v e r a l l capture 
ra te as the substrate t emperature fe l l . During 1977/78 L W / L also showed 
such a dec rea se , although at low s u b s t r a t e t e m p e r a t u r e s the range of capture 
r a t e s was much m o r e v a r i a b l e . The reason for this i s not known. At lower 
t emperatures a G r e y P l o v e r ' s energy requ irements a r e l ike ly to be h igher , 
even though f o o d avai labi l i ty i s lower . The occas iona l high capture ra te s at low 
temperature may have re su l t ed f r o m chance observat ions of the b i r d feeding on 
h igher - than-average density patches of food within the t e r r i t o r y . On other days , 
i f no such patches w e r e encountered during observat ion per iods , the ra te would 
have been l o w , l imi ted by avai labi l i ty . C e r t a i n l y , G r e y P l o v e r feeding t e r r i t o r i e s 
did not contain uni form prey distr ibut ions . 
2. S ize se lect iv i ty ( F i g s . 4. 25 and 4. 26) 
In add i t ion to the fa l l in o v e r a l l capture r a t e , each b i r d caught large w o r m s 
l e s s frequently at l o w e r substrate t e m p e r a t u r e s , in each winter studied. Again 
L W / L showed g r e a t e r var iat ion than W R / O at low t e m p e r a t u r e s . Neither 
b i r d shower? a d e c r e a s e in s i z e s se lec ted , however , as there were fa l l s of s i m i l a r 
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Figure 4, 25 Rates of capture of large and small worms in relation 
to substrate temperature shown by one marked Grey 
Plover (W R/O) in three winters. These graphs 
are derived from the data presented in Figure 4. 24. 
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Figure 4. 26 a) Rates of capture of large and small worms in relation 
to substrate temperature shown by one marked Grey Plover 
(L W/L) in one winter. These graphs are derived from 
the data presented in Figure 4. 24. 
b) The relationship between the rates of capture of small 
and large worms taken by this marked Grey Plover. 
percentage in the capture rates of large and small worms with decreasing 
substrate temperature. The high variability in the data for L W / L does not 
hide an inverse relationship between the capture rates of large and small 
worms (Fig. 4. 26b). 
3. The area searched during each pause (Fig. 4.27) 
In 2 winters (1976/77. 1977/78) W R / O increased the area searched during 
each pause as substrate temperature fell. L W / L showed a similar relationship,, 
When the data for W R / O over 3 winters are combined, a significant 
relationship between overall capture rate and substrate temperature is revealed 
(Fig. 4. 28) (r = 0. 584, n = 12, P < 0.05; slope significantly different from zero, 
t = 2. 27, P < 0.0 5). The inverse relationship between area searched during each 
pause and substrate temperature (Fig. 4. 28) was not significant even at the 
10 per cent level for the combined data for 3 winters, but was significant when 
only the 1976/77 and 1977/78 data were used (r = -0. 692, n - 8, P < 0.10; 
slope significantly different from zero, t = 2. 35, P < 0.10). The reason for 
this difference is unknown, although it may be due in part to an improvement in 
data collection after the first winter. 
Both capture rate and area searched also show a clear seasonal change, 
with the former reaching a minimum in January - February when area searched 
reaches a maximum (Fig. 4. 28). As the coldest air and sea temperatures (and 
therefore substrate temperatures) occur on average in late January and early 
February, respectively, it is not possible to say whether the changes in the foraging 
parameters are caused by a direct decrease in Nereis activity in response to cold 
weather or to an annual decrease in activity, independent of actual changes in 
temperature, which reaches a minimum in mid winter. 
Due to the variability in the data for L W / L , no seasonal pattern was 
apparent. 
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Figure 4. 27 Area searched during each pause in relation to 
substrate temperature: data for two marked Gr 
Plovers. W R/O in three winters and L W/L in 
one winter. 
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4. II. C. CURLEW 
4. II. C. 1. Foraging behaviour during a tidal cycle 
In Section 'b.X.lxs., it was argued that, if each Curlew on Seal Sands 
attempts to maintain a constant prey capture rate during the time for v/hich it 
feeds in each tidal cycle, but fails to do so, it should either become territorial 
on that site or change feeding site. It follows that Curlews showing either of 
these changes in habitat use should have experienced a falling prey capture rate 
before the change. As the fall is caused by the worms burrowing deeper, 
capture rate should suddenly drop at the time when the worms (of the size 
classes taken by Curlews) move out of reach of the Curlew's bill (as shown in 
Fig. s.os , 3). (Thi s assumes that worms of all size classes burrow at a 
similar rate.) No data are available on the foraging of marked Curlews just 
before they changed to territorial behaviour, but in the following section I shall 
discuss foraging behaviour before a change of feeding site. 
a. Foraging behaviour of a Curlew that changed 
feeding site during the Low Water period 
Only one colour-marked Curlew was observed for an extensive period 
(1 ^2 hours) before it changed feecing site. During this time the rate at which 
it caught worms, when foraging, fell (Fig. 4. 29a) (the first value lies outside the 
99 per cent confidence limits of the mean of the final two values). There are 
insufficient data to show whether the fall was sudden or gradual. This bird 
left the site during the final 8-minute observation period just after it had begun 
a boundary dispute with a neighbouring Curlew. Its departure at this time 
indicates that it was unable to maintain a capture rate adequate to meet its 
energy requirements if it spent any time in activities other than feeding. It 
moved to a mudflat at a lower tidal level'where no territories are held by Curlews. 
It was not possible to investigate whether a change occurred in the rate at 
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Figure 4. 29 Changes in four foraging parameters of a marked Curlew 
(Y N/W) during a single Low Water period (1st January 1978) 
a) the rate of capture of all worms (total number of worms 
taken in each observation period shown above points), 
b) the search rate, c) the detection rate, and d) the 
percentage of worms detected that were extracted from 
the mud. The arrow indicates when the bird left the site. 
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which it captured large worms ( i . e. worms > 100 mm estimated length), 
as too few were taken. 
The decrease in overall capture rate was matched by an increased effort 
to detect prey. In Curlews the parameter used to measure search effort was 
the number of sites at which one or more pecks were made per minute. Pecks 
( i . e. touching the surface of the mud with the bill tip) are believed to be used 
to detect worms in the mud. A Curlew was considered to have detected a prey 
when the peck was followed by one or more probes into the mud. Thus the number 
of sites at which a Curlew detected prey is taken to equal the number of sites at 
which it probed into the mud. Thus: 
search rate = the number of sites at which pecks made per minute 
detection rate = the number of sites at which probes made per minute 
capture rate = the number of worms caught per minute 
By increasing the search rate (Fig. 4. 29b) (the final value lies outside the 
99 per cent confidence limits of the mean of the other three values) this Curlew 
managed to detect worms at a similar rate in each observation period (Fig. 4. 29c). 
However it extracted from the mud a decreasing proportion of the worms detected 
(Fig. 4. 29d) (the first value lies outside the 99 per cent confident limits of the 
mean of the other three values), hence the decrease in the overall capture rate 
(Fig. 4. 29a). This suggests that this Curlew could detect worms in their burrows, 
even when the mud had dried considerably, but as the worms were burrowing 
deeper it could reach only a decreasing proportion of them. 
As no other observations on marked Curlews changing their feeding sites 
during a tidal cycle are available, no confirmation of these results can be obtained 
directly. Instead I shall present data on Curlews that fed throughout the Low 
Water period in a single site to see whether they too experienced changes in the 
3 parameters; 
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1„ overall worm capture rate 
2. sizes of worms selected 
3. search effort 
b. Foraging behaviour of Curlews that fed in one site 
throughout the period of exposure 
On 7 occasions single marked Curlews were observed feeding in one site, 
for at least 2 hours during which the 3 parameters of foraging were measured at 
least 4 times. In each case the Curlew fed on a single substrate type throughout 
the observation period. 
1) The rate of capture of worms 
Only 2 birds showed a fall in overall capture rate with time after exposure 
of the feeding site (Fig. 4. 30a). Both falls were gradual, and the differences 
between the first and last rates were not significant at the 10 per cent level. 
The other 5 birds either maintained or increased their capture rate (Fig. 4. 30b). 
Prey availability does appear to be limiting the capture rate: the capture rate of 
individual Curlews on a given site increased markedly as the incoming tide 
covered the mud (Table 4.15). Therefore the absence of marked falls in the 
capture rate of Curlews feeding in one site during the period of exposure suggests 
that the Curlews are employing at least one of the following tactics: 
a) changing the sizes of worms selected 
b) increasing their search effort. 
2) Size selectivity 
i) Birds which showed no decrease in overall capture rate (Fig. 4. 31a) -
in 4 of the 5 cases the number of large worms ( £ 100 mm estimated length) 
caught per minute fell with time after exposure. The fall was significant 
at the 5 per cent level in 3 cases (Table 4.16). All 4 birds maintained or 
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Figure 4. 30 The rate of capture of worms in relation to time after 
exposure: a) two marked Curlews which showed a 
decrease, b) five which showed no decrease. 
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I 
Table 4.15 
The r a t e of worm capture of 
on s o f t mud, S c a l l o p e d Mud 
bolh L i t j f o r e and as the 
marked Curlews feeding 
- v;est, on the same s i t e 
Date B i r d Time between Rate of capture of v/orms, 
o b s e r v a t i o n s no./min., and 
(mins) ( l e n g t h of o b s e r v a t i o n , mins) 
Open mud Tide f l o o d i n g 
2 9 . 8.77 0 w / o 11 1.44 (9) 2.40 (5) 
1 0 . 9.77 0 w / o 22 1.17 (6) 2.40 (2) 
1 0 . 9.77 L R / L 72 0.78 (9) 2.20 (5) 
19. 9.77 0 W/0 30 1.00 (13) 3.50 (2) 
2 4 . 9.77 0 W/0 86 1.00 (15) 1.00 (8) 
1.12.77 0 W/0 2 1.50 (2) 2.00 (13) 
10. 1.78. 0 W/0 2 1.78 (5) 1.56 (5) 
1 2 . 3.78 0 w / o 1 1.49 (18) 3.33 (3) 
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increased their capture rate of small worms (Fig. 4. 31a). Thus a 
real change in size selectivity must have occurred. The decreases in 
the capture rate of large worms were gradual so the change was of 
type A in Fig. 4.15. 
i i ) Birds which showed a decrease in overall capture rate (Fig. 4. 31b) -
only one of the 2 birds caught fewer large worms per minute as the mud 
dried out, but the fall was not significant at the 5 per cent level. This 
bird showed no change in size selectivity as its capture rate of small 
worms also fell slightly (Fig. 4. 31b). 
As only 2 of the 7 marked Curlews showed a significant decrease in the 
capture rate of worms > 75 mm estimated length and only one of them a decrease 
for worms of ^ 50 mm, it appears that it is mainly the decreased accessibility 
of the largest worms, which burrow deepest in the mud (Muus 1967, 
Ratcliffe 1979), that affects the size range of worms taken by Curlews. 
3) Search effort 
i) Birds which showed no decrease in overall prey capture rate 
(Fig. 4. 32a) - 3 of the 5 showed an increase in the number of sites at 
which pecks were made per minute, a measure of search effort, with 
time after exposure. All 3 increases were significant at the 5 per cent 
level (Table 4.17). 
ii) Birds which showed a decrease in overall prey capture rate 
(Fig. 4. 32b) - the bird (G W/O) that had shown a fall in the number of 
large worms caught per minute, increased its search effort (an increase 
significant at the 1 per cent level (Table 4.17) ). The other bird did not 
show a change in search effort. 
By increasing their search effort, 2 birds managed to at least maintain 
their detection rate, i . e. the number of sites at which prey were detected 
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per minute (Fig. 4. 32). The other 2 detected worms less frequently as the 
mud dried out, despite their increasec" effort to find prey. Thus it is not 
clear whether (a) increases in search effort are shown by the Curlew population 
as a whole, and (b) such increases do enable Curlews to detect worms at a 
similar rate throughout the period of exposure. 
Correlations between changes in foraging parameters - Of the 5 birds 
that showed no decrease in the overall capture rate of worms, 4 changed the sizes they 
took. Three of them also increased their search effort with time after exposure 
of the mud, 2 thus maintaining a constant rate of detection of prey. Thus it 
appears that at least some Curlews maintain their overall capture rate by 
increasing their search effort and reducing their selection of the larger size 
classes of worms. 
The 2 marked Curlews that experienced a fall in overall capture rate 
showed different changes in the other parameters so no generalizations can be 
made. 
Conclusions 
The simple hypothesis relating Curlew foraging behaviour to the depth 
changes shown by Nereis during the tidal cycle is clearly inadequate to explain 
the full range of behaviour observed. Several Curlews avoided the predicted 
fall in overall capture rate via a decrease in size selectivity and/or an increase 
in the number of attempts made to detect prey. 
There is great variability in the foraging behaviour of Curlews both 
between individuals and between days for the same individual. 
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4. II. C. 2. Foraging behaviour during a winter 
Curlews have been shown to change Low Water feeding sites in a way that 
would b e predicted if an increase in depth of their prey, Nereis, occurred in 
cold weather and/or in response to a seasonal rhythm (Section 3X^.3 ). Such 
changes in Nereis behaviour should also lead to changes in Curlew foraging 
behaviour under such conditions. In particular, in cold weather Curlews should 
have had difficulty capturing prey at an adequate rate to meet their energy 
requirements. In the following section I shall discuss data on marked Curlews, 
each of which fed regularly on a single site during a winter. 
1. The rate of capture of worms 
The direct association between low temperatures and a reduction in the 
rate of capture of worms is shown in Fig. 4. 33 for a single bird which fed 
in the same site (open mud)on days of different temperatures during a 3-week 
period. (Seasonal changes in depth distribution or density of Nereis were thus 
excluded.) The fall was significant at the 5 per cent level (Table 4.18). This 
bird did not use the site between 10th December and February, a change that 
appeared to be a direct response to the effect of low temperatures upon its 
rate of capture of worms. 
Extensive observations of 2 marked Curlews on the western half of 
Scalloped Mud between October and March also revealed falls in capture rate 
(significant at the 10 per cent level in each case (Table 4.18) ) associated with 
low substrate temperatures, when feeding on open soft mud (Fig. 4. 34). One 
bird (O W/O) showed a similar (but non-significant) decrease with falling 
temperature when feeding at the tide edge (on soft mud), and, when data for 
September are included, so did the other bird (L R / L ) . However on liquid mud 
no decrease in capture rate was shown by either L R / L (October - March data) 
No. of worms 
captured 
per minute 
1-5 -
1-0 -
0-5 -
r =0-845 
p<005 
2 4 6 8 
Substrate tenpsrature (°C) 
Figure 4. 33 The relationship between the rate of worm capture 
and substrate temperature for one marked Curlew 
(Y N/W) during the period 20th November - 10th 
December 1976. Key as on Figure 4,19. 
CD >> 
a p 
o - - - - •H in 0 
rH o rH 0 1—t 
CO r—1 •H • • 
O • X> 0 0 
o
f 
z
e
r
 
O 
V / o
b
a
 
V 
0-
V 
a, 
CD a. M 
O e a 
c o CD 
0 ) u M 
SH CM 0 
CP x 
CM C O L D 
p rH CM 
•H • • 
Q 0 0 CV! 
10 
o 
d 
v 
a. 
in 
0 0 
CO 
M 
p 
CO 
X i 
3 
00 
M 
•H 
W 0) 
en 
CD 
a 
>. 
p 
cfl 
SH 
p 
10 
X ! 
3 
CO 
p 
<x> c 
M CD 
3 SH 
P CD 
a C+H 
Cfl CM 
O -H 
£ 
M 
O 
<: 
CM 
O 
T3 
0) CD 
P CD 
CO CM 
SH 
CO 
CD 
at 
c 
CD 
x 
p 
M 
C 3 
•H O 
CO T 3 
CD CD 
ao ^ 
C SH 
cfl cfl 
x e 
o 
CM X 
Cfl 
U 
CD X 
P 
0) 
£ 
cfl 
U 
as p 
a en 
SH 
r-l CD 
cfl a 
o e 
CD 
P P 
CO 
•H 
P 
Cfl 
P 
CO 
CD 
a 
o 
c 
CD 0 O 
O •H rH 
c P • 
CD tfl O 
ic
 
e
c
 
s// 
C M u a. 
.—J u c 0 CD 
at) 0 u 
•H CD 
CO CM x: 
O 
C P 
o c 
•H CD 
P -H 
Cfl o 
rH -H 
CD C H 
SH CM 
SH CD 
O O 
O O 
CM CO 
O P 
C 
• -H 
o o 
2 a 
CD 
P 
Cfl 
SH 
P 
CO 
XI 
3 
CO 
CD 
P 
o 
V 
O H 
in 
co 
CD 
T3 
3 
2 
CD 
O 
V 
CM 
00 
CD 
O 
V 
a 
0 
^+ 
CO co CD •sT 
0 rH m CM 
6 b O 0 O 
c 0 
00 O CD CO rH t> 
t> 00 CO O CO CO 
CD CO t> CD CM rH rH 
O O O O O O 0 O 
in in in CD t*- o 
T> 
CD 0) 3 3 
T3 W) M E e 
3 3 TJ 
E E CD CD lu
 
X
 C
I 
-p P 0 CD 3 3 
CM CM T> T> cr o* T3 
O O •H •H •H •H 3 3 
Cfl CO -P P rH rH £ E 
C
h
 
a? 5 s w CO co CO CO CO CO 
CO 
m 
o 
10 
CQ 
o 
1 U u u H u M SH SH 
CD CD Cfl cfl Cfl cfl cfl Cfl Cfl Cfl 
t> [-- s s s s s 
rH CM 1 1 1 1 1 1 1 1 
rH rH 
» • •p p -p a a p p p> O O 0 0 0 CD CD 0 0 0 
CM rH 0 0 0 CO CO 0 0 0 
05 
co 
X i 
cfl 
H 
C 
O 
CQ 
Ctf 
W 
CD 
-P 
•H 
CO 
SH 
o 
0 XI 0 X I 0 X I O CM 
K PH O 3 
K
e
y
 
0 • J 0 X I 0 X ! K
e
y
 
476 
0 w/o L R/L 
Soft mud 
ZD 
C 
0 ) 
Z3 
• f e . 
<_> 
CO 
E 
.8 
E 
2 -
12 
© 
Tide edge 
2 i 
26 
e 
7 
1' 
0 
© 
11 o 
16 © 
1 
2 - i 
12 
15 
® 
13 15 o o 
mud 
2 i 
1-
3 
© 
12 
10 
5 10 15 
Substrate 
5 
(°C) 
10 15 
Figure 4. 34 Rates of worm capture in relation to substrate temperature 
for two marked Curlews (O W/O, L R / L ) each on soft mud, 
liquid mud and at the tide edge, during the 1977/78 winter 
(open circles, September; filled circles October to March). 
Key as on Figure 4.19. 
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or O W/O (September - March data) (Fig. 4. 34 and Table 4.18). 
In contrast to the data presented above, prey capture rates of 2 marked 
Curlews feeding on the southern part of Central Bank during October to March 
did not show the expected marked decreases in association with low substrate 
temperatures, one bird actually increasing its capture rate in such conditions 
(Fig. 4. 35 and Table 4.18). As both these birds fed on mud or soft mud, and 
not on a liquid substrate, their capture rates should have fallen in cold weather, 
according to the simple hypothesis of changes in Nereis depth. As they did not, 
they may have been using either or both of the following tactics: 
a) changing the sizes of worms selected 
b) increasing their search effort. 
2. Size selectivity 
i) Birds which showed no decrease in overall capture rate - neither 
of the 2 marked birds on Central Bank showed a significant fall in the 
capture rate of large worms ( > 100 mm estimated length for R O/O, 
> 50 mm for Y W/R) with falling substrate temperature (Fig. 4. 36). 
However one bird (R O/O) significantly increased the rate at which it 
caught small worms (r = -0. 943, n = 6, P <0. 01; slope significantly 
different from zero, t = 5. 68, P < 0. 01). (By this means it produced the 
slight increase in overall capture rate shown in Fig. 4. 41). This bird thus 
reduced the proportion of large worms in the diet at low temperatures 
(Fig. 4. 36). The other bird (Y W/R) showed no significant changes in 
its selection of Nereis size classes with changes in temperature (Fig. 4. 36). 
Unlike R O/O, it took very few worms of > 100 mm estimated length at 
any temperature (see Section 4. n. C. 3). Worms of » 100 mm estimated 
length may, therefore, move relatively deeper than smaller worms when 
the substrate temperature falls, as they do in mid winter (Muus 1967). 
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Figure 4. 35 Rates of worm capture in relation to substrate 
temperature for two marked Curlews (R O/O, Y W/R) 
feeding on Central Bank - south during October to 
March, 1977/78. Key as on Figure 4.19. 
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Figure 4. 36 Capture rates of large worms (R O/O >/ 100 mm, 
Y W/R > 50 mm estimated length) and small worms 
(R O/O < 100 mm, Y W/R < 50 mm) and in the 
percentage of large worms in the diet in relation to 
substrate temperature* data for 2 Curlews (R O/O 
female, Y W/R male) feeding in the same area of 
Central Bank - south from October to March, 1977/78. 
These graphs are derived from the data presented in 
Figure 4. 35. 
480 
The data on worm sizes for the other 2 birds which maintained a 
constant capture rate (O W/O and L R / L on liquid mud) are too few to draw 
conclusions. 
ii) Birds which showed a decrease in overall capture rate (Figure 4. 37) -
n o n e o f the birds in this category showed evidence of a decrease in size 
selectivity with falling substrate temperature. In 3 cases (Y N/W, O W/O and 
L R / L on soft mud) the fall in overall capture rate was clearly due to difficulty 
in catching worms of all sizes. The data for O W/O and L R / L feeding at the 
tide edge show similar trends. 
Thus some Curlews appear to capture large and small worms in the 
proportions available, at all temperatures. Others (e.g. R O/O above) reduce 
the proportion of larger worms in the diet when the temperature falls. This 
reduction could be achieved by rejecting some small worms when detected at 
high temperatures, but eating all worms detected at low temperatures, 
i.e. a real change in size selectivity. 
When the substrate temperature fell, R O/O apparently caught more small 
worms per minute as well as maintaining the rate at which it caught large worms. 
The change in size selectivity alone could have produced this result only if 
availability did not change with substrate temperature. As the evidence presented 
above suggests that availability in fact falls with falling temperatures, it would 
be expected that R O/O increased its search effort in cold conditions to overcome 
the reduced prey availability. Changes in search effort with substrate temperature 
will now be discussed. 
3. Search effort 
The number of sites at which pecks were made per minute is used as a 
measure of search effort, as above. 
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Figure 4. 37 Capture rates of large worms ( ^ 75 mm estimated length) 
and small worms ( < 75 mm estimated length) in relation 
to substrate temperature shown by marked Curlews: data 
for three birds, two both on soft mud and at the tide edge 
(crosses, September; circles, October to March). 
These graphs are derived from the data presented in 
Figures 4. 33 and 4. 34. 
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i) Birds which showed no decrease in overall capture rate - the 2 
which fed on Central Bank - south did not increase their search effort 
at low substrate temperatures (R O/O, Y W/R, Fig. 4. 38a). R O/O 
thereford appears to have increased its overall intake without searching 
for prey any faster. 
M contrast the 2 birds which maintained their overall capture 
rate on liquid mud did increase their search effort when the temperature 
fell (Fig. 4.38a), one significantly (Table 4.19). 
ii) Birds which showed a decrease in overall capture rate - 2 showed 
significant increases in search effort with falling temperature when feeding 
on soft mud (Fig. 4. 38b and Table 4.19), and in 2 other cases the lowest 
measures of search effort occurred at the highest temperatures (Fig. 4. 38b). 
None of these birds had shown a change in size selectivity (see above) so 
their response to falling temperatures was to increase their search effort. 
Thus these observations on foraging behaviour indicate the following: 
1 marked Curlew (R O/O) avoided a fall in overall capture rate by decreasing its 
size selectivity; 2 others, feeding on liquid mud, did so by increasing their search 
effort; 5 marked birds feeding on mud or at the tide edge were unable to avoid 
a falling capture rate when they increased their search effort. 
4. n. C. 3. Sex differences in foraging behaviour 
In Section 3. II. C. it was shown that male and female Curlews employed 
different patterns of use of the mudflats within Seal Sands and the nearby fields. 
In this section I shall show that the movement of males, but not females, from 
Seal Sands to the fields in mid winter may result from the greater difficulty that 
the males experience in maintaining an adequate rate of prey capture on at least 
some mudflats of Seal Sands in severe weather. 
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Much of the information discussed below concerns extensive observations 
of a male (Y W/R) and a female (R O/O) Curlew feeding near each other on 
the southern part of Central Bank during the 1977/78 winter. Because there is 
a marked difference in bill length between the 2 birds (male 114 mm, female 156 mm), 
any differences between the foraging abilities of short- and long-billed Curlews 
should be revealed by this analysis. 
i) The rate of capture of worms 
As females have longer bills and can therefore reach worms deeper in 
the mud, it might be expected that they could catch worms at a higher rate than 
males (assuming they capture worms of similar sizes). However for much of 
the winter this is found not to be the case. On 6 days during the 1977/78 winter 
(late September to mid March) observations were made on both R O/O and Y W/R, thus 
avoiding differences in behaviour due to variations in environmental conditions. 
On 5 occasions the male had the highest capture rate (Table 4.20 and Fig. 4.35). 
Date on other marked Curlews feeding on the same area (Table 4.20) show that the 
shortes-billed birds didnot capture worms at a slower rate than the long-billed 
individuals. 
The exception to this general pattern occurred at low substrate temperatures. 
Data presented in Section 4. II. C. 2. showed that the female (R O/O), but not 
the male (Y W/R), increased its capture rate when the temperature fell 
(Fig. 4. 35). As birds require more food at lower temperatures, it is therefore 
likely that the male would be the first to have difficulty meeting its energy 
requirements during cold weather. 
ii) The sizes of worms captured 
Large Nereis tend to burrow deeper in the mud than smaller individuals 
(e.g. Muus 1967, Ratcliffe 1979). Therefore the longer-billed females should 
be able to reach more large worms than the males, especially during the low 
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substrate temperatures of mid winter when larger Nereis burrow deeper (Muus 1967). 
This was found to be true. On all 6 days when both R O/O and Y W/R were 
observed, the diet of the female included a higher percentage of worms of 
> 50 mm estimated length than did that of the male (Fig. 4. 39). The male 
rarely took the largest worms ( > 100 mm estimated length) whereas these 
constituted up to 57 per cent of the worms taken by the female. Other 
short-billed birds feeding on this mudflat similarly took few of the largest 
worms (Table 4. 21). 
The percentage of large worms ( > 100 mm estimated length) in the diet 
of the female (R O/O) decreased both seasonally (reaching a minimum in mid 
winter (Fig. 4. 39) ) and with falling substrate temperatures (Fig. 4. 36). 
Thus it appears that, on this part of Central Bank, many of the largest worms 
which can be reached by females in autumn and spring move out of reach during 
the colder weather of mid winter. Few of the largest worms are within reach 
of males even at high temperatures. Unlike the female, the male (Y W/R) 
did not show a decrease in size selectivity with falling substrate temperature 
(Fig. 4.36). 
iii) The rate of biomass intake 
The male Curlew Y W/R did not capture more worms or more large worms 
in very cold weather (Figs. 4. 35 and 4. 36), so it is likely that it was unable to 
increase its rate of biomass intake to match its increased energy requirements 
caused by greater heat loss (see Evans 1976). fii contrast the female increased 
the rate at which it caught small worms (Fig. 4. 36). So its rate of biomass 
intake may indeed have increased at low temperatures. (Prey other than Nereis 
were taken by these birds extremely rarely. Hydrobia was the only other prey 
seen to be taken, but the intake rate exceeded 0. 5 per minute on only 2 occasions.) 
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Figure 4. 39 A comparison of the sizes of worms taken by a mairked 
female (R O/O) and a marked male (Y W/R) Curlew 
feeding on the same mudbank on the same days, during 
the 1977/78 winter. Worms (sample size shown above 
each observation day) divided into three classes.' 
< 50 mm, 50 - 99 mm, > 100 mm estimated length. 
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T a b l e 4.21 
The s i z e s of worms taken by male and female marked 
Curlews observed feeding on C e n t r a l Bank *- south 
on the same days during the 1977/78 w i n t e r 
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4. 3.78 0:2: V 5:0:0 7:6:1 0:2:0 
11. 3.78 0:7:6 7:3:2 5:12:0 
T o t a l s 25:39:25 9:4:0 91:28:7 46:13:5 21:30 :1 1:5:0 
The f i g u r e s 
(0 - 49 mm, 
whole worms 
given are the number 
50 - 99 mm, ^ 100 mm 
of known length are 
of worms i n each of 3 
) taken by the marked 
i n c l u d e d . 
s i z e c a t e g o r i e s 
Curlews. Only 
The sex and b i l l l e n g t h (mm) of each b i r d are \ j i v e n a t the top of 
each column. 
Estimates of biomass intake were therefore made, using the information on 
Nereis worms captured, as follows: 
a) Worms captured whole during observations were separated 
into length classes as determined by comparison with the length 
of bill of each individual bird. 
b) The lengths of pieces of worms that were swallowed after 
being broken during extraction were estimated similarly. 
c) Worms extracted whole whose length could not be estimated 
were given a mean estimated length of 40 mm. It was usually 
possible to estimate the length of large worms. The mean 
estimated length used here is therefore the most frequently 
taken class of small ( < 50 mm) worms. 
d) Each length estimate was converted to an estimate of dry 
weight using an empirical relationship between length and 
body weight derived by Ratcliffe (1979): 
log 1 0 dry weight (mg) = 3. 072 log 1 0 head width (mm) + 0. 385 
, , . body length (mm) + 3.746 
where head width (mm) = •* Q O Q O 
<>0, ^9£ 
e) The total estimated dry weight intake for each occasion was 
then calculated by multiplying the estimated dry weight for 
each size class of worm (including pieces and worms of 
unknown length) by the number in each class. 
f) A rate of dry weight intake was then calculated using the 
length of the observation period on each day. 
This rate of dry weight intake is considered as an estimate of the true 
rate of biomass intake. (It must be stressed that a true biomass intake rate 
cannot be calculated from the data available.) Fig. 4. 40 shows that the female 
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Figure 4. 40 Estimated rates of biomass intake in relation to substrate 
temperature for a female (R O/O) and a male (Y W/R) 
Curlew which fed on the same mudbank during the 1977/78 winter. 
The biomass intake rates were measured for both birds on the 
same six days. The total length of observation (minutes) for 
each bird on each day is shown above each point. 
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had a considerably higher estimated biomass intake rate than the male on all 
6 occasions. In both cases the rate of biomass intake was highest at high 
temperature but neither trend was significant at the 10 per cent level. 
As male Curlews are smaller than females (Section 3. I .C.I- ) they 
require less food per day. Standard metabolic rates for males and females 
were estimated using the equation for non-passerines in Lasiewski and Dawson 
(1967) (Table 4. 22). The ratio of male : female metabolic rates shows that 
males require about 12 per cent less food per day than females, a value 
resembling that calculated for the similarly sexually dimorphic Bar-tailed 
Godwit (Smith and Evans 1973). 
The estimated biomass intake rate of the male Curlew on Central Bank 
was 33 - 55 per cent that of the female on 5 occasions, falling to 10 per cent 
in cold weather in January. This difference is considerably greater than 
expected on the basis of the size difference between males and females. 
The estimates of intake assume that the male and female Curlews fed 
for the same period of time during the tidal cycle. In fact this was probably 
not so. Although the total time feeding was not measured on the observation 
days, the male bird roosted less often and for shorter periods than the female 
(Table 4. 23). It may therefore have fed for a greater percentage of the time 
available, thus reducing the difference between male and female estimated biomass 
intakes. Also i t may have fed more at night. Nevertheless the difference 
between male and female values will probably still be greater than that based 
upon their size differences. The reason for this is not known, although the method 
of estimating biomass intake may have exaggerated the difference to some degree, 
iv) The onset of territoriality in relation to biomass intake rate 
During the 1977/78 winter, the minimum estimated biomass intake rate of 
the female (R O/O) occurred in December and that of the male (Y W/R) in 
493 
Table 4. 22 
The c a l c u l a t i o n of standard metabolic r a t e s f o r 
female and male Curlews 
B i l l l ength (mm) of a d u l t s 
(see S e c t i o n 3 . I . C . I ) 
Females 
^ 130 
Males 
^ 121 
Mean body weight (Kg) 
Standard e r r o r 
Sample s i z e 
D i f f e r e n c e between mean weights 
0.879 
0.016 
28 
0.738 
0.010 
43 
16% lower 
Standard metabolic r a t e s (Kcal/24 h r ) * 
D i f f e r e n c e between r a t e s 
71.36 62.91 
12% lower 
* Rates c a l c u l a t e d u s i n g the equation f o r non-passerines 
given i n L a s i e w s k i & Dawson (1967): 
log-^ 0 heat production (Kcal/24 h r ) = 
l o g 1 0 78.3 + 0.723 l o g 1 0 body weight (Kg) - 0.068. 
Table 4.23 
The occurrence of r o o s t i n g by the marked female (R 0/0) and 
marked male (Y W/R) Curlews during the ob s e r v a t i o n p e r i o d s 
d i s c u s s e d i n the t e x t , and the d u r a t i o n of r o o s t p e r i o d s 
Female Male 
26. 9.77 + 
4.11.77 + 
5.11.77 + + 
20.11.77 
15.12.77 + + 
15. 1.78 + 
12. 2.78 + + 
11. 3.78 + + 
= day on which b i r d seen to r o o s t during the p e r i o d 
3 - 8 hours a f t e r High Water. 
Female Male 
Duration of r o o s t i n g p e r i o d s 20 11 
(Minutes) 
5 6 
90 8 
30 1 
29 23 
January (Fig. 4. 41). In each case the minimum coincided with the first 
incidence of territorial behaviour that winter. Furthermore the male also 
defended a feeding site on Central Bank - south on one day in April and its 
biomass intake rate (calculated as above) was again extremely low (Fig. 4.41). 
These biomass intake rates refer only to periods of foraging, and exclude any 
time spent in other activities such as preening, looking out for predators or 
evicting other waders. The onset of territorial defence was therefore coincident, 
in each case, with increasing difficulty in capturing Nereis at an adequate rate. 
As the estimated biomass intake rate of the male Curlew was extremely low 
on the 2 single days on which it defended a feeding site (one in cold weather 
in January and one in spring), such temporary exclusion may occur only when 
a bird is having extreme difficulty in capturing worms fast enough in the available 
t ime. It is interesting to note that temporary territories were defended only by males, 
and usually during periods of relative food shortage (Section 3. II. B.-4). Presumably, 
when successful, the advantage of the increased percentage availability (see 
Section 3. II. D. 1) outweighs the disadvantage of time spent defending the site, 
rather than feeding. As on both occasions the male Y W/R ceased defending 
the site later in the same tidal cycle, the change in behaviour did not increase 
its capture rate adequately. The high density of Curlews feeding nearby, and 
the resulting high rate of intrusions into the territory could have reduced feeding 
time for the male to an unacceptable level. 
The female bird (R O/O) began excluding conspecifics from its feeding 
site in December, when the accessibility of Nereis was believed to be falling 
(see Section 3.TT.T>.3 ). It became territorial before its feeding rate fell to the 
very low level experienced by the male Y W/R. It may therefore have established 
an exclusive feeding site to avoid that possibility. This change in use of habitat 
in response to the general decrease in the accessibility of Nereis thus resembles 
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Figure 4. 41 The onset of territoriality for a marked female (R O/O) 
and a marked male (Y W/R) Curlew in relation to their 
estimated rates of biomass intake. The Curlews fed on 
the same area of Central Bank - south during the 1977/78 
winter. 
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the change shown by the female Curlew Y N/W which abandoned a Low Water 
feeding site (see Section 4. I I . C. 2). 
v) The use of the fields 
In Section 3. I I . C. i t was shown that shorter-billed Curlews spent 
more time feeding on the fields surrounding Seal Sands at Low Water during 
the winter. The evidence presented above suggests that this use of habitat 
occurs because at least some males have difficulty meeting their energy 
requirements on Seal Sands during the coldest conditions of the winter. 
Feeding rates of male Curlews on Seal Sands support this thesis. The combined 
data on capture rates of all male Curlews observed feeding on the eastern half 
of Scalloped Mud are shown in Fig. 4. 42. Although the capture rate of some 
males at low temperatures was similar to that of males in much warmer weather, 
others clearly experienced difficulty in capturing any worms during the coldest 
weather. 
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Figure 4. 42 Capture rates of male Curlews feeding on Scalloped 
Mud - east in relation to substrate temperature. All 
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4. I I . D. SUMMARY AND DISCUSSION 
The analysis of foraging behaviour presented above is based upon 
very small samples due to the limited data available. Consequently very low 
levels of significance were used in order to identify the trends in the parameters 
with changing conditions. The results can therefore be considered only as 
an indication of the responses of Grey Plovers and Curlews to changes in the 
availability of Nereis, and further work is required to substantiate the findings 
summarised below. 
1. The observed foraging behaviour in relation to the proposed causal 
relationship between invertebrate behaviour and shorebird behaviour 
The range of behaviours shown by foraging individuals of both species 
demonstrates that this relationship of changes in the activity and depth 
of Nereis causing changes in the foraging behaviour of Grey Plovers and Curlews 
(respectively) are too simple. Nevertheless i t does provide a 
basis for interpreting the observed foraging behaviour. 
During the periods of exposure of their feeding sites only 6 out of 22 
(27 per cent) marked Grey Plovers and 3 out of 8 (38 per cent) marked Curlews 
experienced the expected fa l l in the overall prey capture rate as the mud dried 
out. Falls were more frequent amongst individuals that changed Low Water 
feeding site later in the tidal cycle (4 out of 9 Grey Plovers, 1 out of 1 Curlew) 
than those that remained in the same site throughout the period of exposure 
(2 out of 13 Grey Plovers, 2 out of 7 Curlews). Overall the majority of marked 
Grey Plovers and Curlews studied at least maintained their prey capture rate, 
even though the density of available worms appeared to l imit their capture rate 
(see Tables 4.13 and 4.15) at least on f i r m substrates. 
Two methods by which Grey Plovers and Curlews could avoid a fa l l in 
overall capture rate were investigated. A change f rom selection of large worms 
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to no size selection was shown by 4 out of 5 (80 per cent) Curlews but only 
3 out of 8 (38 per cent) Grey Plovers for which data are available. (1 of the 5 
Grey Plovers which showed a fall in overall capture rate also changed its size 
selectivity.) An increase in search effort was shown by 11 out of 13 (85 per cent) 
Grey Plovers and 3 out of 5 (60 per cent) Curlews that a voider! a fall in overall 
capture rate. Amongst those that showed a fall in overall capture rate, 5 out 
of 5 (100 per cent) Grey Plovers and 2 out of 3 (67 per cent) Curlews also 
increased their search effort with time after exposure. Thus it appears that 
individuals of both species alter their foraging behaviour in an attempt to 
avoid a fall in the rate at which they capture worms. Most Grey Plovers 
usually do so by increasing their search effort, but Curlews do so particularly 
by a decrease in size selectivity as well as an increase in search effort. 
However it must be borne in mind that the data on search effort are more 
extensive. Further information on the sizes of worms taken may show changes 
in size selectivity to be important to a greater proportion of Grey Plovers. 
During a winter a higher proportion of the marked individuals of both 
species experienced the expected seasonal fall in overall prey capture rate 
(4 out of 4 (100 per cent) Grey Plovers (including one bird in 3 winters) and 
5 out of 9 (56 per cent) Curlews). Amongst the Curlews falls were observed 
on some but not all areas of mud, but not on liquid mud. Only one marked 
bird (a Curlew) decreased its size selectivity at low temperatures; it thereby 
avoided a fall in overall capture rate. Three out of 4 (75 per cent) Grey Plovers 
and 5 out of 9 (56 per cent) Curlews increased their search effort at low 
temperatures. By this means the 2 Curlews feeding on liquid mud avoided 
a fall in overall capture rate. The other Curlews and the Grey Plovers failed 
to avoid this fall despite their increased search effort. 
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2. The timing of changes in Low Water feeding site 
During the Low Water period some Grey Plovers and Curlews changed 
feeding site. In at least some cases (4 out of 9 Grey Plovers, 1 out of 1 Curlew) 
the change coincided with a fa l l in the rate at which worms were caught. It has 
been assumed that a bi rd changes feeding site immediately the number of worms 
caught per minute falls below a threshold rate, but an alternative possibility 
exists. A bird might integrate its capture rate over a certain time period, 
e. g. the past hour, and move when the integrated value falls below the threshold. 
Therefore when it leaves, its instantaneous prey capture rate wi l l be below the 
threshold level. If all individuals integrate over the same time period, regardless 
of the rate of decrease in their capture rate, the capture rate at the point of 
leaving of birds with a rapidly decreasing capture rate (Fig. 4. 43, A) wi l l be 
lower than that of birds with a slowly decreasing rate (Fig. 4. 43, B). This 
integration might involve the rate of biomass intake rather than the rate of capture 
of prey items. It is not known what form of integration, i f any, is employed 
by foraging shorebirds. 
The method by which Grey Plovers and Curlews determine the moment 
at which they should abandon a Low Water feeding site does not affect the results 
presented above. My results are concerned only with changes in the foraging 
parameters, and not with actual capture rates. If integration occurred, the time 
period involved would markedly affect predictions of the actual capture rates 
or biomass intake rates at which birds should change site. 
3. Curlew sexual dimorphism in relation to f ield feeding 
Although males and females are distributed differently between the 
mudflats and the fields, it seems unlikely that the sexual dimorphism in Curlews 
has evolved to reduce intraspecific competition for food, as has been suggested for 
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Figure 4. 43 A model for integration of capture rate in which each 
individual bird integrates over the same time period. 
Bird A has a more rapidly decreasing capture rate, 
so at the point of leaving it will have a lower capture 
rate than bird B. 
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raptors (Reynolds 1972, Newton 1979), woodpeckers (Selander 1966, Hogstad 1978) 
and finches (Newton 1967), during the non-breeding season. The data on foraging 
indicate that the male Curlews moving to the fields do so because they are having 
difficulty capturing Nereis fast enough on the mudflats in cold weather, i . e. they 
are forced to move. Other males feed on the mudflats all winter. If the di-
morphism in bill length gave the males an advantage on fields (with the shorter, 
straighter male bill perhaps better for probing into firm substrates (see 
Section 4.1. C. 3) ) and females the advantage on mudflats (with the longer bill 
being more adept at capturing worms deep in soft sediment) all males should 
feed on the fields throughout their stay on the estuary, rather than just some 
doing so and only when conditions deteriorate on the mudflats. 
4-. Other factors influencing shorebird foraging behaviour 
In addition to the changes in size selection and search effort shown 
by Curlews and Grey Plovers, other factors may conspire to cause the 
observed foraging behaviour to be more complex than that predicted by the 
hypotheses concerning Nereis activity and depth distribution. Three possibilities 
are listed below: 
a) Variations in substrate may occur on a much finer scale 
than discussed so far, e.g. within territories. 
b) Variations in prey density also occur on a fine-grained 
scale, resulting from variations in substrate, differential 
settlement of Nereis, and/or differential predation. 
c) Individual variation in foraging ability undoubtedly occurs 
within each species. 
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S E C T I O N 5 
G E N E R A L DISCUSSION 
In this section I shall discuss, in a wider context, some of the main 
points arising from my study. I shal l , however, confine the discussion of 
feeding behaviour to studies on birds, since their mobility enables them to 
respond rapidly and frequently to changes in environmental conditions such 
as weather, and in prey availability and prey dispersion (a feature not shared 
by other groups of animals, with the exception of some mammals). 
5. A. I N T E R - I N D I V I D U A L V A R I A B I L I T Y AND ITS CONSEQUENCES 
FOR WINTER F E E D I N G B Y BIRDS 
5. A. 1. Variability in winter feeding behaviour between individuals 
My observations of individually-marked Grey Plovers and Curlews revealed, 
within each species, a high degree of variability between individuals in several 
aspects of feeding behaviour. This was apparent not only in their use of habitat, 
e. g. choice of a particular mudflat, defence of a feeding site, or use of the fields, 
but also in their foraging behaviour, e. g. their responses to changes in prey 
availability. (Published examples of individual differences in aspects of feeding 
behaviour in other species of birds were given in the Introduction to this thesis -
Section 1. A) . 
Because of this variability between individuals it is difficult to determine 
a general pattern of use of the wintering area by the Grey Plover (and the Curlew) 
population as a whole. Furthermore this variability raises doubts about the 
iAW\^c»\«\ of the data on use of habitat obtained from studies of bird populations 
that have been based upon the concept of the "average bird" (e. g. Goss-Custard (1969), 
Heppleston (1971), Feare et al . (1974), Bryant and Leng (1975), Smith (1975), 
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Goss-Custard et al . (1977), Green (1978), Knights (1979), Pienkowski (1980a), 
Zwarts (in press) . It is clear from my studies that the assumption that all 
individuals show similar behaviour is incorrect. Indeed the differences in 
feeding behaviour between individuals within a species have important consequences 
for the interpretation of data on feeding behaviour (see Section 5. A. 4. below). 
5. A . 2. Consistency between years for individual birds 
In marked contrast to this variation between individuals, there was 
remarkable consistency between years in much of the behaviour shown by each 
individual Grey Plover and Curlew. This consistency was evident in fidelity to 
the estuary, arrival and departure dates, choice of Low Water feeding site, occurrence 
of territorial behaviour, and in some cases in their response to changes in environmenta 
conditions. It appears, therefore, that a predictive understanding of the population 
as a whole could be achieved despite the high degree of variability between individuals, 
but only if the pattern of use of habitat is determined for the majority of individuals 
present. 
5. A. 3. Polymorphisms in winter feeding behaviour 
As a consequence of individual birds showing different feeding behaviour 
but each individual being consistent between years , there is a regular poly-
morphism in use of habitat within both the Grey Plover and Curlew populations 
on the Tees estuary. At any one time some Grey Plovers defend feeding sites, 
whereas others feed in a loose flock; some male Curlews forage on the mudflats 
and others on the fields. Some Grey Plovers spend the whole non-breeding season on th 
Tees estuary, others only a few weeks. 
This polymorphism in use of space is reminiscent of the phenomenon of 
partial migration (Lack, 1943-44) in which only some of the individuals within a 
breeding population emigrate, usually to a milder climate, for the winter. If one 
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behaviour, e.g. emigration, or territoriality, were always at a selective 
advantage such polymorphisms should not persist. However they can be maintained 
if the balance between selection pressures on the different behaviours varies 
with changing environmental conditions. For example, amongst populations showing 
partial migration, the advantage in mild winters lies with the resident individuals 
whereas in severe winters they will suffer higher mortality than the migratory 
birds. In a s imilar way, occasional severe winters interspersed amongst mild 
winters could maintain the polymorphism in use of space amongst Grey Plovers and 
Curlews on Seal Sands. Fie ld feeding in Curlews would be selected against in 
severe winters when the ground would often be frozen, but favoured in mild 
winters because the fields would frequently be waterlogged forcing earthworms to 
the surface. Grey Plovers with long-term territories , perhaps at a disadvantage 
in mild winters due to the time and energy used in defence, might be more likely 
to survive severe winters because of their safeguarded stocks of food and resulting 
higher-than-average density of available prey. 
In general the use of habitat by wintering birds has been little studied 
at the individual level. As the two comparable studies, on Sanderlings (Myers 
et al. 1979b) and on Pied Wagtails (Davies 1976), revealed variability between 
individuals s imilar to that in this study, polymorphisms in use of habitat may, in 
fact , be widespread within populations of birds in the non-breeding season. 
5. A. 4. Implications of inter-individual variability for 
studies of winter feeding behaviour 
Intraspecific competition is strongest when all members of the population 
are competing for identical resources. The considerable inter-individual 
variability found within both the Grey Plover and the Curlew populations (and 
also in the Pied Wagtail population studied by Davies (1976) should therefore reduce 
competition between conspecifics for space in which to feed. For example, 
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juvenile Grey Plovers on Seal Sands feed particularly on softer sediments. As 
discussed in more detail below, this may be by choice, thereby reducing 
competition with the adults feeding on f irmer substrates; alternatively the 
juveniles may be forced to feed there. Some male Curlews move to the fields 
to feed in mid winter, when feeding conditions on the mudflats are believed to 
be at their worst. Competition with other males (and also with the longer-billed 
females) on the mudflats is thus reduced, hi autumn the males which will 
later move to the fields feed on the mudflats in areas which may be sub-optimal 
for Curlews (as they are abandoned in mid winter) - they may thus avoid competition 
with other Curlews even in autumn (see Section 3.iT.i>.4-). Thus some intra-
specific partitioning of resources may occur as a consequence of variability in 
use of space between individuals. 
Variability between conspecific individuals also has important implications 
for investigations into interspecific competition for food resources and feeding 
space. The range of behaviours found within two species feeding on the same 
prey in the same area, e.g. Grey Plovers and Curlews on Seal Sands, makes it very 
difficult to determine the degree of overlap between the species. Simple partitioning 
of feeding space between Grey Plovers and Curlews on Seal Sands cannot occur 
due to the complexity of the patterns of use of space. It is likely that this 
applies more generally to bird populations in a variety of habitats, and this 
is an area of research that warrants increased emphasis. 
5. A. 5. Sex- and Age-related differences in use of space 
Inter-individual variation in feeding behaviour under a given set of 
environmental conditions can be a consequence of differences in age or sex. 
Examples of such age- or sex-related differences between individuals in other 
species of birds were listed in Section 1. A. Jn my study, variations in feeding 
behaviour were correlated with both age and sex differences. 
The difference in choice of feeding habitat and rate of foraging in cold 
weather between male and female Curlews was clearly related to the difference 
in bil l length between the sexes. Comparable sex-related differences correlated 
with sexual dimorphism in bil l length have been shown in choice of feeding location 
and prey size selection by Bar-tai led Godwits (Smith and Evans 1973, Smith 1975) 
and choice of feeding location in, for example, woodpeckers (Hogstad 1976). 
Age-related differences in feeding behaviour, in contrast, cannot be 
correlated with a simple morphological difference. Instead the tendency of 
juvenile Grey Plovers to feed away from the areas favoured by adults, and the 
lower frequency of territorial behaviour amongst juveniles than adults must be a 
consequence of differences in foraging ability between the age classes . A 
comparable difference in use of space has been described by Panov (1963), 
who noted that amongst migrating Grey Plovers on the Pacif ic coast of the 
Soviet Union adults, but never juveniles, defended feeding sites in autumn. The 
age-related difference in use of space seen on Seal Sands could be due to intra-
specific competition, the adults excluding juveniles from the favoured areas. 
Dominance of adults over juveniles in aggressive interactions has been noted in 
Turnstones (Groves 1978), but the reverse was observed in Semipalmated Sandpipers, 
Cal idris pusilla (Harrington and Groves 1977). Also adult Grey Herons were more 
successful than immatures in territorial conflicts (Cook 1978b). 
Alternatively the juveniles may choose to feed in flocks in the areas less 
favoured by adults. On arr iva l on Seal Sands in autumn the juveniles will have fed 
on intertidal mudflats for only a few weeks in all and wil l therefore be inexperienced 
at capturing (intertidal) prey, as found for juveniles of other bird species, 
e.g. Turnstones (Groves 1978), Little Blue Herons (Recher and Recher 1969a), Brown 
Pelicans (Orians 1969), and Sandwich Terns (Dunn 1972). Consequently, to meet 
their energy requirements, the juvenile Grey Plovers wil l probably have to 
forage for a greater part of the available feeding time than do adults, as found for 
juvenile Royal Terns (Buckley and Buckley 1974), Grey Herons (Cook 1978a) and 
Olivaceous Cormorants (Morrison et al . 1978) (but, on limited evidence, not for 
Turnstones (Groves 1978) or Sandwich Terns (Dunn 1972) ). They may therefore 
be less able to afford the time and energy required to establish an exclusive 
feeding site. 
By feeding in a flock instead, the juveniles wil l be able to overcome the 
disadvantage of not knowing the types of substrate associated with high prey 
availability or the directions from which predators are most likely to attack. 
Flocking should increase their chance of finding good feeding sites (Murton et a l . 
1971, Ward and Zahavi 1973). It may also result in earl ier detection of predators 
(Powell 1974), thereby enabling them to forage faster (Silliman et al. 1977) and spend 
a greater proportion of the available time foraging (Powell 1974). However these 
latter effects may be of lesser importance on the Tees estuary due to the scarcity 
of avian predators (see Section 3. n. D. 1). 
In contrast to the juveniles, the adult Grey Plovers will be experienced 
feeders and, as they show high fidelity to feeding sites on Seal Sands between years , 
they will have some knowledge of the variation in prey availability within their 
feeding sites. They can therefore spare the time required to acquire, or regain, 
and defend a feeding site. For adults, the long-term advantages of territoriality, 
e.g. preservation of food stocks, wil l outweigh the initial costs. For juveniles the 
initial costs are too great. 
Further data are required to tell whether the age-related differences 
in use of space by Grey Plovers are due to intraspecific competition or to intra-
specific differences in choice of feeding sites. 
It is known that mortality amongst shorebirds decreases after the f irst 
year of life (Boyd 1962, Hilden 1978, Pienkowski 1980a, this study). F r o m the 
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arguments presented above, the higher mortality of juvenile Grey Plovers could 
be a result of either 
a) competition for food or feeding sites between adults and juveniles, 
with the adults preventing some juveniles from obtaining enough food, 
or, 
b) the inability of juveniles to capture prey at an adequate rate, 
Recher and Recher (1969a) believed that, in Little Blue Herons, the higher 
mortality amongst juveniles was simply due to their inefficiency at prey capture. 
In my study it was not possible to distinguish between the two causes. 
5 . B . WINTER T E R R I T O R I A L I T Y 
5. B . 1. The role of winter territoriality in regulation of density 
In Section 3. II . D. I discussed the possible costs and benefits involved in 
territoriality, arguing that winter feeding sites were defended only where the 
benefits outweighed the costs. T showed how territoriality had 
a less depressive effect than flock feeding on prey availability on a site, and 
provided evidence that individual Grey Plovers and individual Curlews defend 
winter feeding sites to ensure an adequate prey capture rate. I concluded that 
a bird shows territorial behaviour only when it is of advantage to that individual. 
However, although selected for at the individual level, territoriality can 
have consequences at the level of the population. By preventing other Grey Plovers 
(or Curlews) from settling in an area, territorial behaviour could play a role in 
regulation of density during the winter, analogous to the limiting effect of 
territories upon the breeding densities of many birds, e. g. Red Grouse, 
Lagopus L . scoticus (Watson 1967), Tawny Owls, Strix aluco (Southern 1970), 
Great Tits (Krebs 1971). Alternatively territorial behaviour might be a method 
of density assessment, resulting in the spacing out of individuals but imposing 
no limits on the density (Fretwell 1972, Davies 1978). 
To my knowledge no discussion of the role of winter territoriality in 
regulation of density on areas away from the breeding grounds has yet been 
published. Comparisons are therefore not possible and I shall simply interpret 
my information on territorial behaviour in the context of the population changes 
on Seal Sands. 
Grey Plovers - On Seal Sands the occurrence of territorial behaviour 
amongst Grey Plovers varied between mudflats, being most frequent on the 
northern parts of Eastern Channel and Central Bank (Section 3. n. A. 3). These 
were the f irst areas to be filled to a ceiling in autumn and then held a more or 
less constant population of Grey Plovers through the winter (Section 2 . B . 2 . b ) . 
They were therefore considered to be the optimal feeding areas for Grey 
Plovers on Seal Sands. As all the Grey Plovers resident in these areas were 
territorial,and intruding Grey Plovers were repeatedly driven out throughout 
the winter, territorial behaviour must have limited to some extent the number 
of Grey Plovers settling on these areas. It was not simply a method of density 
assessment leading to spacing out of the individuals. 
However, on several areas of Seal Sands, e.g. Greenabella Bank, 
territoriality amongst Grey Plovers was almost or completely absent. Individuals 
which did not have a territory on the presumed optimal feeding areas could 
therefore have fed elsewhere within Seal Sands throughout the winter. Consequently 
territorial behaviour cannot in itself limit the population on Seal Sands as a whole. 
This contrasts with the effect of territoriality upon the breeding densities of 
Red Grouse, Tawny Owls and Great Tits where only those individuals with 
territories could attempt to obtain a mate and breed (Watson 1967, Southern 1970, 
Krebs 1971). On Seal Sands population density could be limited if, in addition to 
territorial behaviour on some areas, there was some mechanism of population 
regulation on non-territorial areas. The plateaux in the counts for Scalloped Mud 
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and western parts of Central Bank during population peaks on Seal Sands indicate 
that this might have occurred. Although there is at present no evidence of a 
behavioural mechanism for density regulation on non-territorial areas, a 
dominance hierarchy, in which the lowest individuals were unable to feed 
sufficiently quickly on that area, and therefore left, could limit the density. 
As winter progressed the number of areas on which Grey Plovers defended 
feeding sites increased. This was due at least in part to new arrivals taking 
up territories. The number of possible territories could limit the number of 
Grey Plovers that can subsequently settle in an area, except if the territories 
are swamped by flocks of non-territorial individuals as observed in the Sanderling 
(Myers et al. 1979b). Thus the influence of territorial behaviour upon the 
population size on Seal Sands probably increased during a winter. However, as 
some earl ier arr ivals remained non-territorial throughout the winter despite there 
being areas apparently unoccupied and available for defence in early winter,the 
interrelationship between territorial behaviour and the numbers of birds that could 
be accommodated must be complex, and the relative advantages of territorial 
and non-territorial behaviour well balanced. 
Curlews - Curlews on Seal Sands differed from the Grey Plovers in that 
a smaller proportion of the population was territorial and these birds defended sites 
on fewer areas of Seal Sands (Section 3. II . B . 3). Terri tories were taken up on 
some areas very early in the autumn, and intruding Curlews were subsequently 
evicted, so on these areas territorial behaviour probably limited the number of birds 
settling there. However, on most areas at least the majority of Curlews were 
non-territorial. If the overall population density on Seal Sands was limited 
by behavioural interactions, the behavioural mechanism operating on non-
territorial areas (for which my observations provide no evidence) would be of 
considerably more importance than territoriality. 
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5. B . 2. The absence of territoriality at high food availability 
Throughout my discussions of territorial behaviour I have stressed 
that feeding sites were defended only when this was necessary to maintain an 
adequate prey capture rate on that site. It follows, therefore, that there should 
be no territoriality on areas of high prey availability, simply because the birds 
could meet their energy requirements there without it. This was also the 
interpretation adopted by Carpenter and MacMillen (1976) for the absence of 
defence amongst Hawaiian Honeycreepers, Vest iar ia coccinea, when food was 
superabundant. 
However Gil l and Wolf (1975) argue from their observations on another 
nectarivorous species, the Golden-winged Sunbird, Nectarinia reichenowi, that 
at high nectar levels the costs of defence, due to high intruder pressure, exceed 
the energetic benefits. The importance of defence costs in determining whether 
a bird can successfully occupy a territory is also stressed by Myers et al.(1979b) 
for Sander ling. 
From the data available I am unable to tell why Grey Plovers and Curlews 
on Seal Sands did not defend territories on areas of high prey availability. 
5 . C . I N T E R S P E C I F I C C O M P E T I T I O N 
In an intertidal habitat many species of shorebird feed together, often 
eating the same prey. Lack (1944, 1945) predicted that there should be slight 
differences in ecology between coexisting species which prevent interspecific 
competition for resources. He argued that these differences are the result of 
interspecific competition that occurred in the past. However Zwarts (in press) has 
shown that competition between some species is st i l l occurring and that this can 
determine the present habitat selection shown by shorebird species feeding on 
intertidal mudflats. On winter feeding grounds, interspecific competition might 
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be over food or space in which to feed. The Grey Plovers , Curlews and B a r -
tailed Godwits on Seal Sands all fed mainly on the same prey species and the 
f irst two species showed a s imilar range of patterns of use of space. In this 
section I shall discuss whether these overlaps resulted in any interspecific 
competition, comparing my findings with those of Zwarts. 
5. C . 1. Competition for food 
In the areas of Seal Sands where both Grey Plovers and Curlews fed, 
competition for food might have occurred. Although Grey Plovers were feeding 
on a different section of the Nereis population than the Curlews, because of their 
different methods of prey capture ( 2>.n-T>. z. ), the two species were removing 
prey from the same stocks. Even if, at any one time, only a proportion of the 
stocks were available, some reduction in the density of worms available to each 
species must have occurred. 
Direct competition could be avoided if each species fed upon a different 
size class of prey. On Seal Sands, although Grey Plovers tended to capture 
fewer very large worms and more smaller ones than Curlews, there was much 
overlap in the sizes taken. So interspecific competition for food could occur. 
Zwarts (in press) s imilarly found that most species took Nereis of about the 
same size. 
Even if the Grey Plovers on Seal Sands ate only the smaller size classes 
of Nereis and Curlews only the large ones, they would sti l l be competing, indirectly, 
for food. The density of large Nereis ( > 1 year old) in one winter would be 
determined by predation on the small Nereis ( < 1 year old) by Grey Plovers (and other 
species such as Dunlin and Redshank) in the previous winter (Evans et al . 1979). 
5 . C . 2 . Competition for space 
It was shown in Section 3.1. E . that some segregation of feeding areas 
occurred between Grey Plovers and Curlews on Seal Sands, with Grey Plovers 
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apparently avoiding areas with a high density of shorebirds. Grey Plovers also 
changed feeding area to avoid flocks of gulls and of Golden Plovers. Similar 
segregation between bird species on intertidal mudflats has been demonstrated 
by Zwarts (1974 and in press) . It appears that the distribution of Grey Plovers 
is determined in part by their inability to compete for food when other birds 
are present at high density. This is believed to be a consequence of their method 
of prey capture (Pienkowski 1980a) which is most successful on mudflats with a 
low density of birds. 
One method by which a bird can acquire space in which to feed is to defend 
a feeding site, and exclude from it all competing birds. As well as excluding 
conspecifics, territorial Grey Plovers on Seal Sands also evicted Golden Plovers 
and Ringed Plovers , both of which compete with Grey Plovers for those Nereis 
present at the surface of the mud. In contrast, territorial Grey Plovers did not 
evict Curlews or Bar-tai led Godwits even though they were eating Nereis and 
disturbing the prey. This contrasts with the behaviour of Reed Warblers , Acrocephalus 
scirpaceus, which defend bushes against any species of small bird as these would 
disturb its prey (Davies and Green 1976). Perhaps Curlews and Godwits are too large to 
be evicted by Grey Plovers; alternatively the resulting benefit may not outweigh 
the cost incurred. Terr i tor ia l Curlews did not spend time and energy evicting 
Bar-tai led or Black-tailed Godwits, or Grey Plovers from their feeding sites 
even though all three species consume the same prey and all are smaller than Curlews 
(and can be displaced in aggressive interactions, e.g. Smith 1975). This suggests 
that the cost-benefit equation is the factor determining whether territoriality 
occurs amongst shorebirds as well as within a species. Interspecific territoriality 
on Seal Sands therefore occurs only between species which have similar ways of 
exploiting their food resources (as predicted by Orians and Willson 1964) and whose 
prey is available only at low density, i . e. the plovers. 
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Grey Plovers "deliberately" reduced the likelihood of intrusions from 
Curlews and Godwits by defending sites only on areas away from the mudflats 
favoured by most waders at Low Water (Section 3. I I . D. 1). In addition, on some 
mudflats Grey Plovers and Curlews held overlapping territories , thereby 
gaining from each other's exclusion of conspecifics. Thus the absence of inter-
specific competition for space between individual territorial Grey Plovers and 
Curlews reduces overall interspecific competition for space and/or food on that 
area. 
5. D. F U T U R E R E S E A R C H INTO U SE OF S P A C E 
B Y G R E Y P L O V E R S AND C U R L E W S 
In this section I shall outline some of the topics that could usefully be 
investigated in future research into the use of space by Grey Plovers and 
Curlews on Seal Sands. I shall concentrate upon Grey Plover behaviour as this 
shows the more marked polymorphism. The suggestions for future research assume 
that a greater proportion of the population, particularly amongst immature birds , 
can be individually marked. 
I have suggested above that the polymorphisms in winter use of space could 
be maintained by differential selection in mild and severe winters. This could be 
investigated using long-term information on the survival rates of individuals 
following each strategy. 
One of the main variables in the polymorphisms is whether or not a feeding 
site is defended. Permanent defence of a site can provide certain advantages 
in the long term , i . e. during a complete winter: preservation of food stocks and of the 
microdistribution of the prey, and the ability to predict prey availability in different 
parts of the territory. These advantages require that no other conspecifics feed 
in the site. I have shown that, in both Grey Plovers and Curlews, this occurs 
during the daylight hours. However both species feed at night to a greater or 
l esser degree (PienkowskL 1973, Knights 1979, Dugan 1981) so territorial 
individuals should also defend their feeding sites at night. No information on 
night feeding could be collected from marked birds during my study. 
I have argued that Grey Plovers reduce the effects of other species of 
wader upon prey availability and searching efficiency partly by defending sites 
in areas where individuals of other species are also territorial . This possible 
effect could be tested by measuring the predator pressure on two s imilar areas 
of mudflat, one with and one without Curlew territories. 
My observations on Grey Plovers indicated that there may be differences 
in use of space between the age c lasses . More data are required to substantiate 
this. If the differences are real they could be due either to differential 
mortality of juveniles showing different patterns of use of space and/or to 
individual birds changing their use of space within and between winters. This 
could be investigated using the histories of marked Grey Plovers. 
In November - December many adult Grey Plovers arrive on Seal Sands 
and many juveniles leave. It is not known whether they choose to leave or are 
displaced from the better feeding areas by the adults. Also it is not clear whether these 
juveniles move to poorer areas within Seal Sands or leave the estuary completely. 
If both strategies are followed the survival rates may differ. Some of these 
problems could be solved by detailed observations of marked juveniles and of their 
interactions with other Grey Plovers. Such observations might reveal how territorial 
behaviour develops in juvenile birds. 
In addition to the role of territoriality in regulation of density, I suggested 
that some form of behaviour leading to regulation, possibly a dominance hierarchy, 
might occur on non-territorial areas. This possibility could be investigated 
particularly in relation to the regulation of numbers on Seal Sands as a whole. 
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The two most interesting areas of research specific to Curlew use of 
space are a) the difference between males and females, and b) the use of the 
fields as an alternative feeding habitat. Further studies on the foraging rates 
and total time spent feeding of male and female Curlews in a variety of environ-
mental conditions are required to substantiate the sex-related differences in foraging 
revealed by my study. Measures should be made at night as well as by day as 
night feeding may be a method by which males increase their energy intake per 
twenty-four hours. Before comparisons of the relative advantages of feeding 
in the two habitats, fields and mudflats, can be made, the extent of night feeding 
in each must be identified. 
Due to the biases in the age composition of birds caught for ringing, we 
have little information on a) the differences between adults and juveniles in 
use of space, and b) the amount of turnover in the Curlew population during 
a winter. Further ringing throughout the winter would help to f i l l these gaps 
in our knowledge. 
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S U M M A R Y 
In this sect ion I s h a l l s u m m a r i s e the m a j o r f indings of m y r e s e a r c h . 
1. T h e u s e of Teesmouth as a winter ing s i t e 
G r e y P l o v e r s - T h e number of G r e y P l o v e r s on the es tuary i n c r e a s e d 
twice during the y e a r , f r o m Ju ly to October , and again f rom J a n u a r y to r e a c h 
the peak for the winter in F e b r u a r y , Adults a r r i v e d on the estuary f r o m J u l y 
to F e b r u a r y ; most r e m a i n e d unti l the main s p r i n g departure in M a r c h / A p r i l . 
T h e periods of stay of individual b i r d s during a winter (excluding passage b i r d s ) 
thus v a r i e d f r o m 20 to 230 days. J u v e n i l e s a r r i v e d main ly in S e p t e m b e r / 
October; many departed within a month. T h e m i d - w i n t e r influx into the 
e s tuary c o m p r i s e d both adults and juven i l e s . G r e y P l o v e r s showed both a 
high percentage r e t u r n r a t e , and cons i s tency in a r r i v a l and departure dates , 
in s u c c e s s i v e y e a r s . Adults had higher r a t e s of r e t u r n than j u v e n i l e s . 
S e a l Sands was the only m a j o r feeding a r e a for G r e y P l o v e r s on the 
T e e s e s tuary . 
C u r l e w s - The number of C u r l e w s on the es tuary changed l i t t le a f ter 
the late s u m m e r a r r i v a l until the t ime of s p r i n g emigrat ion . Most C u r l e w s 
a r r i v e d on Teesmouth between J u l y and October and left in M a r c h / A p r i l . 
Consequently most individual per iods of stay on the es tuary ranged f r o m 140-250 days . 
L i k e G r e y P l o v e r s , C u r l e w s also showed a high percentage re turn r a t e , and 
many individuals had s i m i l a r a r r i v a l and departure dates , in s u c c e s s i v e y e a r s . 
Most C u r l e w s fed on S e a l Sands in e a r l y autumn; some , a lmost so le ly 
m a l e s , moved to the f ie lds as the t emperature f e l l , so the number on S e a l Sands 
f e l l to a m i n i m u m in m i d winter . Movement between S e a l Sands and the f i e lds 
a l so o c c u r r e d following snow, heavy r a i n , and flooding. A few C u r l e w s fed 
on Jirtui S I U K I H . 
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B a r - t a i l e d Godwits - The number of B a r - t a i l e d Godwits on the e s tuary r e a c h e d 
two peaks during the autumn and winter , one in September /October and a l a r g e r 
one in m i d J a n u a r y . Adults w e r e presen t f r o m J u l y and juveni les chief ly f r o m late 
August . Most adults left in F e b r u a r y , but some juveni les s tayed up to three 
months l o n g e r Amongst the few c o l o u r - m a r k e d b i r d s , f idel i ty to the e s tuary between 
winters was v e r y high, e spec ia l l y of adults . 
B a r - t a i l e d Godwits f ed not only on Sea l Sands but a l so on the other l a r g e 
in ter t ida l a r e a , B r a n Sands , e s p e c i a l l y f r o m J a n u a r y to M a r c h . 
2. The use of S e a l Sands as a feeding a r e a 
At L o w Water G r e y P l o v e r s fed mainly on the d r i e r in ter t ida l mudf la t s , 
avoiding softer muds m o r e densely populated by other s h o r e b i r d s (although 
in autumn juveni les favoured a r e a s of v e r y soft mud) . C e r t a i n mudflats w e r e f i l l e d in 
autumn and the number of G r e y P l o v e r s feeding there then changed l itt le unt i l 
s p r i n g . Dur ing peaks in the total S e a l Sands population the number on other , 
p r e s u m a b l y subopt imal , a r e a s i n c r e a s e d . Most C u r l e w s fed a t / n e a r the tide 
edge, p a r t i c u l a r l y on the softest muds . T h e r e w a s no c l e a r evidence of c e r t a i n 
a r e a s being f i l l ed in autumn. 
The f idel i ty of G r e y P l o v e r s and C u r l e w s to a L o w Water feeding s i t e 
within S e a l Sands during a winter v a r i e d m a r k e d l y between individuals . Some 
individuals fed in the s a m e s i t e for per iods of weeks or months , and often 
re turned to that s i te in s u c c e s s i v e w i n t e r s . T h e degree of f idel i ty v a r i e d 
between different p a r t s of the mudf la ts , being greates t on the a r e a s favoured 
by the population as a whole. Changes in L o w Water feeding s i t e s used by 
indiv iduals o c c u r r e d in both s p e c i e s m o r e or l e s s throughout the winter; 
mos t w e r e c o r r e l a t e d with changes in t empera ture . 
Most c o l o u r - m a r k e d G r e y P l o v e r s and C u r l e w s fed on s e v e r a l a r e a s of 
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S e a l Sands within a s ingle t ida l c y c l e , following "feeding c i r c u i t s " . T h e feeding 
a r e a s used on the ebb and flood t ides w e r e highly c o r r e l a t e d with the p a r t i c u l a r 
mudflats used at L o w Water . Individual G r e y P l o v e r s and C u r l e w s m i n i m i s e d 
the distance flown between a r e a s on a c i r c u i t once feeding had begun. A few 
individuals of each spec i e s fed throughout the per iod of exposure on the higher 
p a r t s of S e a l Sands , and there fore did not follow feeding c i r c u i t s . Seasona l 
changes in the a r e a s used on the ebb and f lood t ides w e r e a l so r e l a t e d to 
s easona l changes in L o w Water feeding s i t e , o r , in the c a s e of G r e y P l o v e r s , to 
the p r e s e n c e of other spec i e s of b i r d s in l a r g e n u m b e r s on the ir u s u a l s i te . 
About 40 per cent of the G r e y P l o v e r s and 10 per cent of the C u r l e w s 
defended feeding s i t e s on S e a l Sands . S i tes w e r e defended by G r e y P l o v e r s m a i n l y 
on f i r m subs tra tes at m i d and high t idal l e v e l s , and by C u r l e w s a l so at m i d t i d a l 
l e v e l s but often on softer subs tra tes than w e r e u s e d by t e r r i t o r i a l G r e y P l o v e r s . 
Both permanent and t e m p o r a r y t e r r i t o r i e s w e r e defended. Most G r e y P l o v e r s 
on the main feeding a r e a used by the population defended permanent t e r r i t o r i e s . 
T e m p o r a r y defence of a feeding s i t e o c c u r r e d on other mudflats . G r e y P l o v e r s 
b e c a m e t e r r i t o r i a l e i ther on a r r i v a l on the e s t u a r y , or when there was an inf lux 
of G r e y P l o v e r s o r a f a l l in the t emperature - conditions under which defence of a 
feeding s i te i n c r e a s e d prey avai labi l i ty . C u r l e w s did not defend feeding s i t e s on the 
main feeding a r e a u s e d by the population, but only on other mudf lats . Some 
m a r k e d C u r l e w s defended s i t e s on a r r i v a l in autumn; these s i tes w e r e abandoned, 
at l eas t t e m p o r a r i l y , in co ld weather in m i d winter when prey a c c e s s i b i l i t y in those s i t e s 
was v e r y low. Other C u r l e w s began defending s i t e s ( temporar i ly or permanent ly) 
when the t empera ture f e l l , in order to i n c r e a s e p r e y a c c e s s i b i l i t y . Both G r e y 
P l o v e r s and C u r l e w s r e t u r n e d to the s a m e t e r r i t o r i e s in s u c c e s s i v e y e a r s , thereby 
taking advantage of the ir knowledge of she l t ered feeding s i t e s , patches of h igher 
p r e y ava i lab i l i ty and sa fe refuges f r o m predators there . 
535 
3. T h e use of space in re la t ion to prey behaviour 
In both spec i e s four b a s i c patterns in the use of space on Sea l Sands could 
be identif ied. T h e s e w e r e dist inguished by 
i) whether one or m o r e than one feeding s i t e was used during 
a t idal c y c l e , and 
i i ) whether or not a feeding s i te was defended. 
E a c h individual in the G r e y P l o v e r and C u r l e w populations feeding on Sea l Sands 
fol lowed one of these patterns during each t idal c y c l e . The strategy employed 
on a p a r t i c u l a r feeding s i te could be predic ted f r o m two c h a r a c t e r i s t i c s of that 
s i te: 
i) i t s p e r i o d of exposure during each t idal c y c l e , and 
i i ) the r a t e of drainage of the substrate . 
T h e s e two c h a r a c t e r i s t i c s determine the l e v e l and r a t e of change of the water 
table in the mud, which in turn inf luences the ava i lab i l i ty of N e r e i s d i v e r s i c o l o r , the 
m a i n p r e y spec i e s of G r e y P l o v e r s and C u r l e w s on S e a l Sands. 
B e c a u s e of the ir different methods of prey capture , G r e y P l o v e r s a r e 
inf luenced by changes in N e r e i s act iv i ty , and C u r l e w s by changes in depth. S imple 
models based upon the supposed changes in act ivi ty and depth distribution 
explained much of the var i e ty in use of space shown by individual G r e y P l o v e r s 
and C u r l e w s r e s p e c t i v e l y , both during a t ida l c y c l e and during a winter . However 
studies of the foraging behaviour of individual G r e y P l o v e r s and C u r l e w s have 
shown that the models proposed a r e inadequate to explain f iner details of the 
re la t ionsh ip between predator behaviour and p r e y behav iour , and indicate that 
the predators change the ir foraging tac t i c s in r e s p o n s e to changes in prey 
act ivity and depth dis tr ibut ion. 
Appendix 1 
L o w W a t e r counts f o r t h r e e spec ies on d i f f e r e n t 
a reas of Seal Sands on s p r i n g and neap t i des 
Counts of G r e y P l o v e r s , C u r l e w s and B a r - t a i l e d G o d w i t s on Seal 
Sands w e r e m a d e at L o w W a t e r on b o t h s p r i n g a i d neap t i des t h r o u g h the 
1976 /77 and 1977/78 w i n t e r s . In the f o l l o w i n g t a b l e s , counts m a d e on 
s u c c e s s i v e s p r i n g and neap t ides w i t h s i m i l a r Seal Sands t o t a l s a r e p a i r e d 
to r e v e a l any d i f f e r e n c e s i n d i s t r i b u t i o n . These d i f f e r e n c e s a r e d i s c u s s e d 
Sec t ion 2. 
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Table 
Low Water counts of Grey Plovers on certain areas of 
Seal Sands on Spring and Neap tides 
Date 
Spring (S) 
or Neap (N) 
tide 
Green abella 
Bank 
Central 
Bank 
Scalloped 
Mud 
Total for 
the whole of 
Seal Sands 
1976/77; 
14.12.76. 
7.12.76. 
N 
S 
2 
6 
21 
15 
3 
4 
46 
41 
29.12.76. 
21.12.76. 
N 
S 
0 
11 
22 
11 
5 
3 
43 
42 
29.12.76. 
6. 1.77. 
N 
S 
0 
14 
22 
28 
5 
6 
43 
67 
14. 
7. 
3.77. 
3.77. 
N 
S 
18 
35 
67 
50 21 
161 
134 
26. 4.77. 
7. 4.77. 
N 
S 
2 
0 
12 
12 
7 
4 
24 
24 
1977/78= 
5.10.77. N 9 
13.10.77. S 11 
1.12.77. N 22 
15.12.77. S 14 
22. 1.78. N 5 
12. 1.78. S 13 
2. 2.78. N 2 
28. 1.78. S 5 
2. 2.78. N 2 
11. 2.78. S , 14 
16. 2.78. N 8 
9. 2.78. S 5 
16. 3.78. N 2 
9. 3.78. S 0 
14. 4.78. N 1 
6. 4.78. S 0 
36 13 68 
26 13 66 
46 3 88 
49 7 92 
49 17 87 
46 5 82 
109 24 144 
115 10 154 
109 24 144 
125 14 174 
54 6 87 
65 9 102 
58 7 82 
76 14 106 
38 0 39 
34 13 48 
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Table W 
Low Water counts of Curlews on certain areas of 
Seal Sands on Spring and Neap tides 
Date 
Spring (S) 
or 
Neap (N) 
tide 
Greena-
bella 
Bank 
Central 
Channel 
Central 
Bank 
Total 
for the 
Scalloped whole of 
Mud Seal Sands 
1976/77: 
15.11.76. 
7.12.76. 
N 
S 
73 
45 
19 
37 
43 
44 
27 
39 
177 
174 
14.12.76. 
21.12.76. 
N 
S 
29 
40 
57 
18 
13 
28 
25 
23 
125 
111 
29. 12.76. 
6. 1.77. 
N 
S 
47 
118 
81 
46 
39 
47 
218 
25 
395 
244 
28. 3.77. 
7. 4.77. 
N 
S 
103 
74 
26 
9 
62 
39 
14 
69 
210 
193 
1977/78: 
5. 9.77. 
19. 9.77. 
N 
S 
19 
121 
0 
38 
254 
112 
28 
58 
322 
342 
5. 10.77. 
13. 10.77. 
N 
S 
64 
111 
0 
97 
182 
82 
36 
24 
293 
315 
22. 1.78. 
28. 1.78 
N 
S 
165 
146 
11 
30 
16 17 
23 
216 
208 
2. 2.78 
28. 1.78. 
N 
S 
122 
146 
19 
30 
19 24 
23 
188 
208 
16. 2.78. 
9. 2.78. 
N 
S 
142 
52 
13 
89 
41 
33 
55 
58 
253 
239 
16. 2.78. 
11. 2.78. 
N 
S 
142 
133 
13 
44 
41 
42 
55 
66 
253 
290 
16. 3.78. 
9. 3.78. 
N 
S 
191 
224 
22 40 
92 
26 
3 
288 
332 
14. 4.78. 
6. 4.78. 
N 
S 
25 
73 
22 
107 
132 
36 
84 
84 
249 
306 
Table Hi 
Low Water counts of Curlews on the two halves of 
Scalloped Mud, on Neap or Spring tides in the 1977/78 winter 
Neap Scalloped Mud Total 
or for the 
opring western eastern whole of 
tide half half Seal Sands 
1.12.77. N 38 24 283 
15.12.77. S 7 24 337 
22. 1.78. N 15 2 216 
28. 1.78. S 8 15 208 
2. 2.78. N 4 20 188 
28. 1.78. S 8 15 208 
16. 2.78. N 20 35 253 
9. 2.78. S 11 47 239 
16. 2.78. N 20 35 253 
11. 2.78. S 16 50 290 
16. 3.78. N 8 18 288 
9. 3.78. S 0 3 332 
14. 4.78. N 39 45 249 
6. 4.78. S 22 62 306 
SH-O 
Table I V 
Low Water counts of Bar-tailed Godwits on certain 
areas of Seal Sands on Spring and Neap tides 
Spring (S) Total for 
or the 
Neap (N) Eastern Central whole of 
tide Channel Bank Seal Sands 
1976/77: 
16.10.76. N 4 24 37 
25.10.76. S 13 37 57 
29.12.76. N 13 47 87 
6. 1.77. S 34 58 106 
16. 1.77. N 20 123 178 
8. 2.77. S 69 65 162 
14. 3.77. N 3 21 25 
7. 3.77. S 13 10 38 
26. 4.77. N 2 13 22 
7. 4.77. S 6 9 17 
1977/78: 
Spring (S) Total for 
or Greena- the 
Neap (N) bella Central Central Scalloped whole of 
tide Bank Channel Bank Mud Seal Sands 
5.10.77. N 8 0 28 16 54 
19. 9.77. S 9 2 25 20 58 
16. 2,78. N 1 24 74 75 177 
9. 2.78. S 19 69 43 14 159 
16. 2.78. N 1 24 74 75 177 
11. 2,78. S 39 47 60 12 170 
Appendix 2 
Sightings of colour-marked Grey Plovers 
Al l sightings of colour-marked Grey Plovers on the Tees 
estuary were recorded. Table v shows the data for all marked 
Grey Plovers seen during the 1977/78 winter, together with the data 
for those ringed in 1975/76 which returned to the estuary in the 
1976/77 winter. For each individual, every date on which it was 
seen on the estuary is marked ( o ); also shown are dates of 
ringing ( x ) and dates when birds were found dead (o ) . No checks 
for marked birds were made during late March in either winter. 
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Appendix 3 
Arrival and departure dates of 
individual Grey Plovers and Curlews 
Tables vi - I X list the dates of first sighting (termed the arrival 
date) and last sighting (termed the departure date) of all individually marked 
Grey Plovers and Curlews that were present on the estuary for two or more 
winters. 
Table vi 
Comparison between arrival dates of all individual 
Grey Plovers that returned in successive winters 
Individual 
Grey Plover 1976/77 1977/78 1978/79 
B W/G lst Sept 17th Aug 24th Aug 
B W/O 5th Nov 22nd Nov 20th Oct 
W R/O 13th Nov 24th Nov 3rd Nov 
L W/L - 29th Aug* 16th Aug 
Y O/R - 31st Oct 31st Oct 
Y R/L - 10th Nov 24th Nov 
Y L/R 30th Dec* 8th Jan 
O W/O - 12th Jan 13th Dec 
L O/W - 13th Jan 8th Jan 
Y L/O - 17th Jan 3rd Jan 
OR/W 9th Feb 8th Jan 
O L/O 16th Feb 11th Feb 
* = second winter bird 
Data for 1978/79 from P. J, Dug an (pers. comm.) 
Table vii 
Comparison between the departure dates of individually marked 
Grey Plovers in successive winters 
hi dividual 
Grey Plover 1975/76 1976/77 1977/78 1978/79 
Y W/R 18th March* - - 14th March 
B R/W 25th March 17th March - -
B W/O 25th March 14th April 11th April 10th Feb. 
B R/N 1st April 10th Sept. - -
W R/O 1st April 10th March 16th March 11th March 
B W/G 5th April 23rd March 15th March 30th March 
YR/W - 14th Feb. - 30th Jan. 
L W/R - 16th Feb. * - 22nd Sept. 
OR/W - 27th Feb. 17th March 25th Feb. 
Y O/L - 3rd March - 10th Feb. 
© O/O - 8th March* - 8th Jan. 
L O/W - 8th March 4th March 3rd Feb. 
Y G/O - 10th March - 27th Feb. 
L L/W - 14th March* - 25th Feb. 
Y R / L - 14th March 9th March 4th Feb. 
Y O/R - 14th March 12th March 14th March 
Y L/O - 16th March 9th March 28th Jan. 
L O/G - 19th March* - 9th Feb. 
O L/O - 19th March 11th March 30th March 
0 W/O - 19th March 17th March 30th March 
Y Y/Y - 23rd March* - 23rd March 
Y L/R - 2nd May* 6th April 30th March 
L W/L - 2nd May* 19th April 14th March 
Y O/O - - 10th Nov. * 19th Oct. 
W W/W - - 2nd March 27th March 
W O/W - - 4th March 14th March 
Y G/L - - 11th April 5th April 
Y L/G - - 11th April* 17th April 
OR/L - - 19th April 12th Nov. 
Key * = known juvenile in winter marked. 
Data for 1978/79 from P.J. Dugan (pers. comm.) 
Table viii 
Comparison between dates of first sighting of all 
individual Curlews that returned in successive winters 
1976/77 1977/78 1978/79 
Individual Curlew 
B R/W 1st Sept. 13th Aug. 24th Aug. 
B W/O 13th Jan. 21st Aug. 16th Jan. 
Y G/O - 13th Aug. 10th July 
L R/L - 13th Aug. 18th Aug. 
Y L / L - 13th Aug. 24th Aug. 
Y N/W - 13th Aug. 18th Dec. 
0 W/O - 15th Aug* 23rd Aug. 
L O/O - 17th Aug. 11th Jan. 
w w/w - 21st Aug. 10th July 
L Y/Y - 21st Aug. 23rd Aug. 
R L/O - 21st Aug. 8th Sept. 
R R/Y - 21st Aug. 8th Nov. 
R W/R - 5th Sept. 24th Aug. 
R Y/N - 5th Sept. 24th Aug. 
Y Y/Y - 6th Sept. 26th Aug. 
Y G/Y - 12th Sept. 31st Oct. 
Y O/R - 13th Sept. * 9th Oct. 
Y O/L - 26th Sept. * 24th Aug. 
R N/W - 18th Oct. 16th Nov. 
L W/O - 25th Oct. 9th Nov. 
L W/R - 30th Oct. * 9th Oct. 
L O/W -• 17th Jan. 8th Aug. 
L R/W - 26th Jan* 26th Aug. 
* = Bird in second winter 
(Sightings after September 1978 supplied by N.C. Davidson, 
L. R. Goodyer and F. L. Symonds) 
Table ix 
Comparison between the dates of last sighting of 
individually marked Curlews in successive winters 
Individual 
Curlew 1975/76 1976/77 1977/78 
B W/G 16th Dec. 6th Jan. -
B W/O T; 13th Jan. 26th Jan. 
B R/O 15th Jan. 23rd March -
B R/W 1st Feb. 4th April 11th April 
Y R/W - 9th Jan. * 19th April 
L O/L - 2nd Feb. 22nd Jan. 
W Y/Y - 17th March 21st Oct. 
R W/R - 17th March 16th March 
R N/W - 17th March 21st March 
Y N/W - 19th March 21st March 
L R/W - 19th March* 21st March 
L O/O - 19th March 4th April 
Y G/Y - 19th March 19th April 
Y L / L - 19th March 19th April 
Y G/W - 4th April 15th Dec. 
L W/O - 4th April 19th March 
Y Y/Y - 4th April 19th April 
L R / L - 7th April 4th April 
Y G/O - 7th April 19th April 
R L/O - 23rd April 24th Feb. 
Y O/L - 23rd Apr i l* 19th April 
W W/W - 23rd April 19th April 
O W/W - 26th April 21st Oct. 
L O/W - 26th April 17th Jan. 
R Y/N - 26th April 11th March 
Y O/R - 26th April* 21st March 
L W/R - 26th April* 11th April 
O W/O 26th April* 19th April 
L W/L - 26th April 19th April 
R R/Y - 26th April 19th April 
L Y/Y - 29th April 21st March 
Key: * = known juvenile in winter marked, 
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Appendix 4-
Sampling of Nereis abundance on areas of Seal Sands 
Introduction 
The invertebrate sampling described in this section was prompted by 
the observation that, as the tide ebbed, the majority of Grey Plovers and 
Curlews moved from the higher to the lower mudflats (Sections 3. I I . A. 2. 
and 3. II . B. 2.). I wished to investigate whether this movement was due to 
Nereis diversicolor, their main prey species on Seal Sands, being more 
abundant on the lower than the upper mudflats. 
An exhaustive survey by repeated collection of substrate, sieving 
and sorting was not carried out due to a) the disturbance of marked birds, 
which may have caused changes in feeding site and thus biased the results 
of the main project; and b) the difficulty of extracting the animals from 
the glutinous sediment found on much of Seal Sands. This method was 
therefore used on .only a few occasions. The majority of measures of abundance 
were obtained by a method which did little damage to the mudflat. A visual 
estimate of the number of worms was obtained by counting the number of 
burrows in an area of mud. Alternative methods, using irritants to bring 
the worms up to the surface, were unsuccessful because the chemicals 
hardly penetrated the surface of the sediment. 
The practicable sampling methods will be described below; the 
results of the sampling will then be considered in relation to the movement of 
birds across Seal Sands on the ebb tide. 
Methods 
1. Burrow counts: Open-ended aluminium cylinders (radius 10 cm, height 30 cm) 
were inserted into the sediment to a depth of approximately 5 cm (i. e. below the 
oxygenated layer). They were then inclined to break the sediment core at the 
bottom edge of the cylinder, thus revealing a cross-section of the burrows in the 
mud. All large, oxygenated burrows were counted, and the total taken as an 
estimate of Nereis abundance. Several burrow counts were made at each 
site. 
In taking a burrow count as an estimate of Nereis abundance, several 
assumptions were made. Firstly it was assumed that Nereis made only large 
burrows and that the small burrows were made only by Corophium. However 
this will probably have resulted in an under-estimate of the abundance of the 
smallest size classes of Nereis. Counts were made only of oxygenated burrows, 
i . e. those with light-coloured walls, as it was believed that these were the 
only burrows that were occupied during that tidal cycle. 
It was assumed that each worm had a single burrow exit at the surface. 
However it is known that Nereis on mudflats have complex burrow systems, 
with each worm having several exits (Vader, 1964, and pers. obs.). The 
number of burrows in a cross-section of mud cannot therefore be equated with the 
number of worms in that core of sediment. However, there is no reason to 
believe that the relationship between the number of burrows and the number of 
Nereis varied greatly across Seal Sands. Burrow counts followed by hand-
sorting of the sediment core revealed a predictable relationship between the 
two numbers (r = 0. 796, n = 20, P<0. 001). 
It must be stressed that this method gives only an estimate of 
abundance and does not indicate absolute density. It was adopted because it 
provided a swift and non-destructive method of estimating worm abundance 
on areas within Seal Sands. 
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2. Extraction of invertebrates from the substrate: Cores of sediment 
(radius 10 cm, depth approx. 12 cm) were collected by inserting an open-
ended cylinder into the substrate and then digging out the filled cylinder. In 
the laboratory the invertebrates were extracted from the sediment in one of 
* — 
L w y Way o . 
a) The invertebrates were sieved from the sediment using a 
jet of water. The sieve retained most Nereis, Hydrobia 
and Corophium, but some of the smallest size classes may 
have been lost. 
b) In a cold room at 8°C, each core of sediment was placed 
in a plastic tub, covered with approximately one litre of 
seawater, stirred to spread the sediment, and left for three 
days. The seawater was then replaced with a concentrated 
salt solution (50 gm salt per litre of seawater) and left for 
two days. Throughout the five days, invertebrates came up 
to the surface and were removed and stored in alcohol. 
Sieving revealed that this method removed all the animals 
from the sediment within the five days. This method of 
extraction was developed by P, J. Dugan (pers, comm.). 
The size of cores collected during this sampling was chosen to provide 
estimates of abundance of invertebrates living in the surface layers of mud, 
such as Corophium and Hydrobia. The sampling of Nereis was therefore 
confined to those individuals in the surface layers, and deep-burrowing worms 
would not have been collected. 
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Results 
Burrow counts and extractions were carried out on various areas of 
Seal Sands during the 1977/78 winter. The estimates of abundance of Nereis 
are shown on Table x. For each day, all estimates for each area are 
combined to give a mean value. The results of sampling by burrow counts 
and by extraction are presented separately. 
The results show that: 
1. There were no major and consistent differences between estimates 
of abundance for the higher and the lower mudflats. For example, 
although on 7.2. 78. the mean values of the burrow counts for Central 
Bank - west and for Greenabella Bank (areas at lower tidal levels) were 
both greater than that for Central Bank - south (high tidal level) 
(respectively, t * 2.86, 10d,f. , P<0.02; t = 3. 09, 29 d. f. , 
P <0. 01), on 15. 3. 78. extraction methods showed that any differences 
between Central Bank - south (high tidal level) and Central Bank - north or 
Central Bank - west (both at lower tidal levels) were not significant at the 
10 per cent level. 
Thus there is evidence that the movement of Grey Plovers and Curlews 
from the higher to the lower mudflats on the ebb tide was not due to 
Nereis being more abundant on the lower areas. 
2. The estimates of abundance for a single site varied considerably both 
during and between sampling occasions, indicating that the distribution 
of Nereis on Seal Sands was very patchy. 
3. The abundance of Nereis on the Peninsula Sands and the sandy eastern 
edge of Eastern Channel was much lower than that on the rest of Eastern 
Channel and on the other areas of Seal Sands at high tidal level. On each 
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of the three days when both parts of Eastern Channel were sampled by 
burrow counts, the mean for the mud at mid tidal level was significantly 
greater than that for the sand (15.12. 77, t = 4. 08, 9 d. f. , P < 0. 01; 
1. 1. 78, t = 10. 93, 24 d. f. , P < 0. 001; 5. 3. 78, t = 5. 48, 77 d. f. , 
P < 0. 001). The means for Central Bank - south (7.2. 78) and 
Scalloped Mud - east (29.11. 77) (but not Scalloped Mud - east 
(8.12. 77) ) were significantly greater (P < 0. 01) than those for the 
sand of Eastern Channel and the Peninsula. 
Because of the much lower abundance of Nereis on the sandy eastern 
edge of Eastern Channel, Grey Plovers would not be expected to feed 
there under most conditions (see Section 3. II. A. 2). 
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